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This manual was developed for the use of the Rhode Island Department of Transportation.
The contents of this document and any opinions expressed herein are solely the
responsibility of the author. It is not intended to be a standard nor should it be treated as
one. The manual was developed with state and federal funds and is therefore in the public
domain, with the following exceptions. The ASTM Method included, C 666, and the
Dickson software are only for the use of individuals and organizations with existing rights
to use them,; they are provided here only for convenience. Such rights should be secured
as needed, prior to utilization.
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Modified Logan Freeze/Thaw Maintenance and Operations Manual

INTRODUCTION

The second RIDOT freeze/thaw machine owned by RIDOT is a modified Logan Freeze/Thaw
Cabinet, which had been designed to conform to ASTM C666 Method A (the modifications to the
system do not affect its conformance); Appendix F contains a graph showing the temperature
recorded through typical cycles to confirm that the machine stays within the requirements of C666
(a variation of no more than 3.3°C throughout the specimen chamber). The machine was
purchased in 1993 and was provided with no temperature control or data recording system. At our
request, the manufacturer installed a relay to allow the machine to be switched from the cooling
phase to the heating phase by computer (it was later decided to add relays to control the main
power, heating system and circulation fan). An Advantech PCL-711b analog/digital input/output
ISA bus PC expansion board is installed in a standard x86/DOS machine. Once the program is
started and the cycle length is entered, operation of the machine is automatic. The refrigeration and
heating systems remain unmodified. A more detailed description of the modifications made is
given in Appendix C.

THEORY OF OPERATION

The equipment is intended to simulate the freezing and thawing environment that concrete would
be exposed to in certain climates. When concrete, in normal exposure to the elements, absorbs
water and then is subjected to temperatures that alternate above and below freezing for extended
periods of time, the expansion of the water as it turns to ice can cause internal stresses in the
concrete, causing microcracking. Ultimately, this can result in the failure of the concrete as the
microcracks network and form larger cracks. When the concrete in question is structural, the
resulting damage can significantly reduce the life of the structure.

Modern concrete mixes routinely incorporate an admixture which causes the concrete to entrain
air. The void structure that is formed when the concrete cures acts to relieve stress by allowing
cavities for the moisture to expand into when it freezes (note: these cavities are normally
microscopic). The higher the air content (entrainment), the better the resistance to freeze/thaw
deterioration. The tradeoff comesin the concrete strength; as the air content increases, the strength
of the cured concrete decreases. Determining the freeze/thaw durability of a given mix at a given
air content therefore becomes very important to allow a satisfactory balance. Other factors can
aso affect freeze/thaw performance, especialy coatings (type, thickness, application) and
additives.

The machine subjects concrete specimens to rapid freeze/thaw cycling while they are maintained
in a saturated condition. The cycling is intended to simulate the normal conditions of a moderate
to severe cold weather climate. The specimens are removed from the machine in a thawed
condition once every thirty-six cycles or less (per ASTM C666) for testing. This alows the
deterioration of the specimens to be charted.

ASTM C666 (reproduced in Appendix A) is considered to be a particularly harsh test by many

concrete product manufacturers and some test organizations. That the specimens are kept in a
saturated condition, with very little clearance for the water around the sides (causing high surface
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stresses as the water freezes), with short cycling times (possibly generating increased stresses due
to thermal shock) and relatively small specimens (whereas field concrete tends to be fairly massive
and less likely to freeze throughout), this opinion seems somewhat justified. Considering the New
England environment, however, (especially near the coast), the severe test conditions are necessary
to insure confidence in the survivability of the concrete being tested. Note that the physical layout
of the machine places the specimens long dimension horizontally. Further, the nature of freezing
water causes the top of the specimen to ice over first and also to thaw last (each specimen has one
heating element on either side, placed near the bottom of the specimen). This means that part of
the specimen near the top is being frozen very rapidly, in effect "shock™ freezing the concrete.
This tends to accelerate the deterioration of inferior (low quality aggregate, low air entrainment,
etc.) concrete in that part of the specimen. Based on past experience, however, sound concrete can
easily withstand these conditions. Thisis can also occur in the field under certain circumstances.

Page 2



Modified Logan Freeze/Thaw Maintenance and Operations Manual

MACHINE LAYOUT

The machine holds up to sixteen prism specimens (plus two prisms for temperature control), seven
and one-half by ten by forty centimeters (3 x 4 x 16 inches). The specimens are placed lengthwise
in a stainless steel compartment, open on top, forty-one and one-half centimeters (16'/, inches)
long, eight and one-quarter centimeters (3%, inches) wide and eleven centimeters (4% inches)
deep. Theinterior dimension allows approximately three millimeters (/g inch) on each side of the
specimen when a spacer is added. C 666 requires a maximum of three millimeters (/g inch) and a
minimum of one millimeter (*/s, inch) of water around the specimen. So it is important that the
specimen dimensions be tightly controlled to meet the test standard. The prisms sit on a Z-shaped
length of brass rod to provide clearance underneath. The compartments sit flat on a water-
saturated velvet cloth over a refrigeration platform, with heating elements between each
compartment and on each end. The compartments are held in place by stainless steel clips; these
clips aso secure the position of the heating elements and provide positive contact between the
elements and the specimen compartments. When the prisms are placed in the compartment, that
gpace is filled with water and the top of the concrete is also covered with a maximum of three
millimeters (/g inch) of water. A drain in the bottom of the cabinet handles overflow. A bucket is
placed at the end of aflexible tube attached to the drain to collect the excess water.

Heat transfer between the compartments and heating and refrigeration systems is direct. The
fourth and fifteenth compartments each contain a temperature probe placed in a concrete specimen
(see Figure 5). The outputs of these probes are averaged to determine the temperature of the
specimens. The changeover points for the heating and cooling phases are at -17.8 and 4.4°C. A
thermal limit relay (provided by the manufacturer) is built into the heating system to prevent the
temperature in the cabinet from rising too high in the event of a malfunction. It can be set to a
desired temperature limit and is normally at the 30°C position.

The refrigeration system sits on a platform underneath the cabinet. There is a sight glass mounted
in one of the pressure lines. The lines run from the system through the bottom of the cabinet to
connect to the coils inside the platform on which the specimens rest. The heating system consists
of athermal limit relay and nineteen heating elements. Each element has its own plug, which is
plugged into a line outlet and are raised from the platform by two lengths of aluminum U-beams
running the length of the platform. The relays, refrigeration system cutoff switch and circuit
breakers are mounted on the side of the cabinet near the refrigeration system. Photos and diagrams
of the machine exterior controls and interior layout follow (Figures 1 through 6). All of the
components run at 115 VAC (the heating elements are rated for 250V, but running at the lower
voltage greatly extends the life). Data for the control temperatures during cycles is also included
(see Appendix F); this confirms that the machine meets ASTM C 666 specifications (except during
the initial freezing phase, but that is to be expected). The temperatures shown are for the center of
the two probe specimens. C 666 requires that the temperature not vary by more than 3.3°C on any
point on the surface of any specimens. Since the temperature at the center of the specimens lag
behind that on the surface, it can be accepted that the surface temperatures varies less than the
interior temperatures. C 666 also makes provisions for greater temperature variations during
changeover (no value is specified); as the greatest variation (~3°C) is near the low changeover
point, this indicates that the machine is within the requirements.
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Figure 2 — Interior Cabinet Components
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"} THERMAL LIMIT COMP

Figure 3 —Machine Control Elements

Figure 4 — Computer Interface Relays
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ELECTRONIC CONTROL SYSTEM

The system consists of five major elements. the controlling computer, analog/digital 1/0 board
plugged into the computer, the relay board used for digital output, the temperature probes, the
circuit board that converts the probe output into voltages to feed to the analog inputs of the 1/0
board. Wiring schematics are detailed in Appendix C.

The computer can be any standard DOS/x86-based computer with a standard ISA bus and 40 MB
or larger hard drive (provided the computer BIOS can recognize large capacity drives). The CPU
can be amost anything (286 and higher, although higher level 686 class processors and above
systems will not have ISA dots). The demands on it are not especially great.

The input/output (I/0O) board is an Advantech PCL-711B and it plugs into a bus slot on the
computer. It has eight analog inputs (A/D) two of which are used; one analog output (D/A), which
is used to drive the strip chart recorder; sixteen digital inputs (D/I), none of which are used; sixteen
digital outputs D/O), five of which are used. The analog inputs and outputs are connected to the
I/0O board using a PCL-7115 terminal board. Advantech supplied driver programs to access the
various 1/O functions, which were then incorporated into a program to operate the machine. The
manual for the board is included on the CD-ROM accompanying this manual. Appendix G hasthe
contents of the disc.

The PCLD-786 relay board is fed from the 1/0 board. It then controls the electric power fed to
five relays, either directly on D/O channels eight through fifteen or through solid state relays
(SSR) on D/O channels zero through seven :

1] Therelay connected to channel zero controls power to the heating system.

2] Therelay connected to channel one controls power to the strip chart recorder motor.

3] Therelay connected to channel two controls power to the main line into the machine.

4] The relay connected to channel three controls power to the circulation fan.

5] The relay connected to channel eight controls the cycling relay on the machine (when the
relay is actuated, the refrigeration system is powered; otherwise, the heating system is on).
Thisis done through the five volt DC relay provided by the machine manufacturer.

The power for channels zero through three are fed from an external 120 volt line, jumpered from
channel to channel. The power for channel eight requires only five volts and is supplied by the
computer. The manual for this board is aso included on the CD-ROM.

The temperature probes are 2N2222 transistors, with the base and emitter shorted (Appendix B
contains the details of their fabrication). Their electrical characteristics vary with temperature,
which is used to determine their temperature and hence, the temperature of their surroundings.

The probes are attached to a circuit board which converts the output to a voltage which can be read
by the 1/0 board (Appendix C has a schematic of the circuit and an explanation of its functionisin
Appendix D). The board has precision potentiometers for set point and gain to calibrate the
temperature probes. A regulated nominal twelve volt power supply feeds the circuit board. The
outputs of the circuit are connected to a terminal board provided with the 711B and feed A/D
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channels zero and one. Up to six additional probes can be connected. The D/A channel feeds a
signal to the strip chart recorder stylus movement from the same terminal board. The recorder isa
Rustrak Model 288, 115V @60 Hz. The peak input voltage for the stylus is 100 mV. The paper
roll advances one inch/hour and is marked in twelve hour time. The paper should be set to the
time the cycling is started each time. While the data is recorded on the computer, the recorder
provides a backup, as well as an easily accessible check of the temperature/time history. Setting
the paper to track actual time allows the operator to see when events occurred. Thiswould include
the beginning and ending of phases and also anomalous events, such as failure of the heating or
cooling system or the machine power.

It is strongly recommended that an uninterruptible power supply (UPS) be used for the computer,
the twelve volt power supply and the recorder. In the event of a power outage, a 600 VA or higher
unit will keep alow end computer (such as one suitable for controlling the machine) running for at
least 30 minutes. In the event of a minor outage, this will alow the test to continue with minimal
effect. Many power losses last for less than a second, but that would still be enough to force the
computer to reboot without a UPS. The control system will continue to track the temperature of
the probes and if power is restored before the UPS batteries discharge, normal operation will
resume. A UPSwill also provide some surge protection for the attached components.

OPERATING INSTRUCTIONS

The machine uses a 115 volt AC circuit, rated at 30 amps. Saturate the velvet cloth on the top of
the refrigeration platform with water. Place each of the specimens in a compartment, with the “Z”
rod at the bottom and fit one of the red plastic spacers in at one end. Set the compartments on the
platform, with a heating element in between each compartment and with the heating elements
covered with stainless steel sheaths at each end. Fit the clips over the top the compartment walls
and push all the way down to secure everything in place. Fill the compartment with water to a
height of six millimeters over the highest point on the specimen. If less than sixteen test
specimens are to be tested, compartments may be filled with other prisms to act as "dummy "
specimens, to make up the difference in thermal mass. The specimens should be placed in the tank
in arandom order. The supplied chart (at the end of this manual) may be photocopied or printed
from the CD-ROM and used to track specimen position. Note: the specimens should be rotated
along the long axis after every inspection so that each face alternates facing upwards. This helps
average the effects of the freezing and thawing throughout the specimens. Note that while
working inside the test chamber, the heavy link chain provided (not the lighter one attached to the
side of the lid and the cabinet) must be used to snugly secure the lid to the support frame. Thelid
is extremely heavy and does not otherwise lock in place. Severeinjury could result if the lid were
to close while someone is working inside the chamber.

THE OPERATING PROGRAM:

The machine is operated by a program on the hard drive of the computer and on the supplied disk
(ahardcopy of the program isin Appendix E; it is aso on the included CD-ROM). Test datais
also written to the disk, which can then be manipulated for plotting and analysis. To run the
program, perform the following steps:
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1) Turn on the power for the computer and components. At this point, power should be supplied
to the freeze/thaw machine (the power cord should be plugged in and the circuit breaker
supplying power to the machine should be on, switches up).

4) At the"C:/" prompt, typein FT and pressthe ENTER key.

5) If everything has gone as planned, the title screen of the program should now appear. Press
the ENTER key as requested. Type in the desired number of cycles and press the ENTER key
again. Finaly, pressthe Y key in response to "Are you ready to start the test now?" and then
the ENTER key to start the test. From this point until the desired number of cycles are
completed, the process should be completely automatic. Note the maximum number of cycles
alow by the test method is 36, although lower numbers can be entered to allow scheduling of
the inspection or at the end of the test to reach 300 cycles. Note that the machine normally
completes about six cycles per day, athough this can vary with environmental conditions in
the room (C 666 allows a range of two to five hours, with at least 25% of the time for the
heating phase). A lower temperature in the room will generally provide faster cycling,
because the refrigeration system dumps heat as part of its function and cooler air around it will
make it work more efficiently.

6) The computer display gives the current time, the time at which the cycle started and the time at
which the phase (heating or cooling) started. The requested number of cycles is shown, as
well as the current number of cycles elapsed. The total number of cycles for the entire test run
is aso shown. The probes temperatures are also shown, both individually and as an average
(the average controls the cycling), as well as the current changeover points. A prompt to hit
the Skey is displayed at the bottom of the screen (see #7 below).

7) Should interruption of the normal machine process be necessary, the S key may be pressed at
any time to halt program operation. Thiswill give the operator three options:

a) Alter the changeover points — the temperature change tends to lag behind at cycle changes,
so the high and low points can be adjusted so that the specimens reach the end points but
do not exceed the temperature ranges.

b) Emergency shutdown - all power to the machine is halted; all operations in progress stop.
Thisisonly given as an option after the user chooses not to alter the changeover points.

¢) Return to program (no changes) - returns to the program at the point from which it left.

8) The program automatically saves all data to disk at the end of each cycle and offers the
operator the option of ending the test or starting another series of cycles, when the current
series is complete. It aso offers the option of extending the heating cycle to fully thaw the
specimens.

9) When the requested number of cyclesis completed and no further testing is desired, the power

to al of the components can just be shut off, with no harmful effects (one significant
advantage to using DOS, instead of a Windows environment).

Page 10



Modified Logan Freeze/Thaw Maintenance and Operations Manual

MAINTENANCE

Normally, the machine requires very little maintenance. The stainless steel shell is extremely
durable and does not require any service. It isalso effective at protecting the interior of the cabinet
and the internal insulation. The seal around the lid should be checked regularly and replaced if
signs of deterioration are noticed. For proper operation, both the machine and its controlling
computer should be operated in an ar conditioned room, maintained at 18 to 23°C.  Air
conditioning will be necessary even during colder weather. The Permagum sealant for holes
passing through the wall of the test chamber stays pliable, but may need to be reworked into the
holes periodically to maintain atight seal.

The refrigeration system should be monitored by the gauge in the system (with the readings as
given in the machine layout section) If the gauge reading is not satisfactory and the machine
cycles seem to be running unusually long (over five hours for afull load of specimens or aratio of
greater than 3 to 1 for the cooling to heating phases), the refrigeration system may need service.
There are also other temperature requirements that need to be monitored and are listed in C 666,
section 5. Contact a professional refrigeration repair company to have the equipment examined.
Do not attempt repair of the refrigeration system! Special training and equipment is required to
work on refrigeration systems; the results could be hazardous to both you and the machine, if you
do not have the necessary skills. The refrigeration power can be shut off quickly if needed by
using the switch as shown in Figure 3.

The check on the heating elements is fairly simple. If the resistance across the elements is 105
ohms, +5, they should function properly. The resistance can be measured by unplugging each
element and reading across the two flat prongs on the plug. The wire of each element is marked
with a number which corresponds with the position in the cabinet (#19 at the end near the outlets).
Themain breaker will disconnect power to the heating elements

In an emergency, power to the whole system can be disconnected by shutting off the computer and
the associated control components. This should be avoided, if at al possible, to avoid corrupting
the datafile. Note that, per C 666, the specimens must be stored in the frozen condition if the test
isinterrupted for any significant length of time.

The probe temperatures can be checked using the program PROBECAL.BAS. The temperatures
measured are based on the calibration equations used in the operational program. It is possible to
recalibrate the probes (or calibrate new probes) using the procedure specified in Appendix D (the
temperatures from the calibration program would then be somewhat inaccurate, but should still be
serviceable and the calibration program provides the voltages as output; these values will be
accurate).

Two additional thermocouple dataloggers are provided to track temperatures in other locations
within the test chamber. These are standalone units and can be connected directly to a serial port
to download data, using the supplied cable. The required software to download the data is
included on the CD-ROM. Other dataloggers can be used in addition to or in place of these if
available.
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Appendix A

L]
INTERNATIONAL

(ﬂgm) Designation: C 666 — 87
ull

Standard Test Method for

Resistance of Concrete to Rapid Freezing and Thawing’

This standard is issued under the fixed designation C 666; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superscript epsilon () indicates an editorial change since the last revision or reapproval.

This standord has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This test method covers the determination of the resis-
tance of concrete specimens to rapidly repeated cycles of
freezing and thawing in the laboratory by two different
procedures: Procedure A, Rapid Freezing and Thawing in
Water, and Procedure B, Rapid Freezing in Air and Thawing in
Water. Both procedures are intended for use in determining the
effects of variations in the properties of comcrete on the
resistance of the concrete to the freezing-and-thawing cycles
specified in the particular procedure. Neither procedure is
intended to provide a quantitative measure of the length of
service that may be expected from a specific type of concrete.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

1.3 All material in this test method not specifically desig-
nated as belonging to Procedure A or Procedure B appﬁes to
either procedure.

1.4 This standard does not pmpan‘ to address alI of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine. the applzca-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 157 Test Method for Length -Change of Hardened
Hydraulic-Cement Mortar and Concrete?

C 192 Practice for Making and Curing Concrete Test Speci-
mens in the Laboratory?

C 215 Test Method for Fundamental Transverse, Longitu-
dinal, and Torsional Frequencies of Concrete Specimens?
C 233 Test Method for Testing Air- Entrmmng Admixtures

for Concrete?
C 295 Guide for Petrographic Examination of Aggregates
for Concrete?

! This test method is under the jurisdiction of ASTM Committee C-9 on Concrete
and Concrete Aggregates and is the direct responsibility of Subcommittee €09.67 on
Resistance of Concrete to Its Environment.

Current edition approved June 10, 1997. Published June 1998. Originally
published as C 666 — 71. Last previous edition C 666 - 92.

* Annual Book of ASTM Standards, Vol 04.02.

C 341 Test Method for Length Change of Drilled or Sawed
Specimens of Hydraulic-Cement Mortar and Concrete?
C 490 Practice for Use of Apparatus for Determination of
Length Change of Hardened Cement Paste, Mortar, and
Concrete?

C 494 Specification for Chemical Adm.lxtures for Concrete?

C 670 Practice for Preparing Precision and Bias Statements
for Test Methods for Construction Materials?

C 823 Practice for Examination and Sampling of Hardened
Concrete in Constructions?

3. Significance and Use

3.1 As noted in the scope, the two procedures described in
this test method are intended to determine the effects of
variations in both properties and conditioning of concrete in the
resistance to freezing and thawing cycles specified in the
particular procedure. Specific applications include specified
use in Specification C 494, Test Method C 233, and ranking of
coarse aggregates as to their effect on concrete freeze-thaw
durability, especially where soundness of the aggregate is
questionable.

3.2 1t is assumed that the procedures will have no signifi-
cantly damaging effects on frost-resistant concrete which may
be defined as (/) any concrete not critically saturated with
water (that is, not sufficiently saturated to be damaged by
freezing) and (2) concrete made with frost-resistant aggregates
and having an adequate air-void system that has achieved
appropriate maturity and thus will prevent critical saturation by
water under common conditions.

3.3 If as a result of performance tests as described in this
test method concrete is found to be relatively unaffected, it can
be assumed that it was either not critically saturated, or was
made with “sound” aggregates, a proper air-void system, and
allowed to mature properly.

‘3.4 No relationship has been established between the resis-
tance fo cycles of freezing and thawing of specimens cut from
hardened concrete and specimens prepared in the laboratory.

4. Apparatus
4,1 Freezing-and-Thawing Apparatus:

Copytight © ASTM Intematicnal, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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4§l c ee6

4.1.1 The freezing-and-thawing apparatus shall consist of a
suitable chamber or chambers in which the specimens may be
subjected 1o the specified freezing-and-thawing cycle, together
with the necessary refrigerating and heating equipment and
controls to produce continuously, and automatically, reproduc-
ible cycles within the specified temperature requirements. In
the event that the equipment does nol operate automatically,
provision shall be made for either its comtinuous manuoal
operation on a 24-h a day basis or for the storage of all
specimens in a frozen condition when the equipment is not in
operation,

4.1.2 The zpparatus shall be so arranged that, except for
necessary suppors, each specimen is: (J) for Procedure A,
completely surrounded by not less than Y52 in, (1 mm) nor
more than Y& in. (3 mm) of water at all times while it is being
subjected to freezing-and-thawing cycles. or (2) for Procedure
B, completely surrounded by air duning the freczing phase of
the cycle and by water during the thawing phase. Rigid
containers, which have the potential to damage specimens, are
not permitied, Length change specimens in vertical containers
shall be supponed in a manner to avoid damage to the gage
studs,

Mote |—Expenence has indicated that ice or waler pressure, during
freezing \ests, particularly in equipment that uses air rather than & ligquid
as the heat wansfer medium, can caws: excestive darmage 1o ngid metal
containers, and possibly to the specimens therein. Resulis of 1ess duning
which bulging or other distortion of containers occurs should be inter-
preted with caution,

4.1.3 The temperature of the heat-exchanging medium shall
be uniform within 6°F (3.3°C) throughour the specimen cabinet
when measured at any given time, a1 any point on the surface
of any specimen container for Procedure A or on the surface of
any specimen for Procedure B. except during the transition
between freezing and thawing and vice versa.

4.1.3.1 Suppon each specimen at the bottom of its container
in such a way that the temperature of the heal-exchanging
medium will not be transmitted directly through the bottom of
the container to the full area of the botiom of the specimen,
thereby subjécting it to conditions substantially different from
the remainder of the specimen.

Nowe 2—a flat spiral of b4-in. (3-mm) wire placed in the bottom of the
container has been found adequate for supporting specimens.

4.1.4 For Procedure B. it is not contemplated that the
specimens will be kepl in containers. The supports on which
the specimens rest shall be such that they are not in contact
with the full area of the supported side or end of the specimen,
thereby subjecting this area to conditions substantially different
from those imposed on the remainder of the specimen.

More 3—The use of relatively open gratings, metal rods, or the edges
of metal angles has been found adequate for supporing specimens,
provided the heit-enchanging medium can circulate in the direction of the
long axis of the rods or angles.

4.2 Temperature-Measuring Eguipment, consisting of ther-
mometers, resistance thermometers, or thermocouples, capable
of measuring the temperature al various points within the
specimen chamber and at the centers of control specimens to
within 2°F (1.1°C).

4.3 Dynamic Testing Apparatus, conforming to the require-
menis of Test Method C 215.

4.4 Oprional Length Change Test Length Change Compara-
for, conforming to the requirements of Specification C 490,
When specimens longer than the nominal 11V in. (286 mm)
length provided for in Specification C 490 are used for freeze-
thaw tests, use an appropriate length reference bar. which
otherwise meets the Specification C 490 requirements. Dial
gage micrometers for use on these longer length change
comparators shall meet the pradation interval and accuracy
requirements for Specification C 490 for either the inch or
millimetre calibration requirements. Prior to the stant of mea-
surements on any specimens, fix the comparator at an appro-
priate length to accommodate all of the specimens to be
monitored for length change.

4.5 Scales, with 2 capacity approximately 50 % greater than
the weight of the specimens and accurate 1o at least 0,01 Ib (4.5
g) within the range of =10 % of the specimen weight will be
satisfactory.

4.6 Tempering Tank, with suitable provisions for maintain-
ing the temperature of the test specimens in water. such thai
when removed from the tank and tested for fundamental
transverse frequency and length change. the specimens will be
maintained within = 2°F and + 4°F {-1.1°C and + 2.2°C) of
the target thaw temperature for specimens in the actual
freezing-and-thawing cycle and equipment being used. The use
of the specimen chamber in the freezing-and-thawing appare-
tus by stopping the apparatus at the end of the thawing cycle
and holding the specimens in it shall be considered as meeting
this requirement, provided the specimens are tested for funda-
mental transverse frequency within the above temperature
range. It is required that the same targel specimen thaw
temperature be used throughout the testing of an individual
specimen since a change in specimen temperature at the time of
length measurement can affect the length of the specimen
significantly.

5. Freezing-and-Thawing Cycle
3.1 Base conformity with the requirements for the freezing-
and-thawing cycle on temperaure messurements of control
specimens of similar concrete to the specimens under test in
which suitable emperature-measuring devices have been im-
bedded. Change the position of these control specimens fre-
quently in such a way as to indicate the extremes of 1empera-
ture variation a1 differemt locations in the specimen cabinet.
5.2 The nominal freezing-and-thawing cvcle for both pro-
cedures of this test method shall consist of allernately lowering
the temperamure of the specimens from 40 w 0°F (4.4
to — 17.8°C) and raising it from 0 1o 40°F (~17.8 10 4.4°C) in
not less than 2 nor more than 5 h. For Procedure A, not less
than 25 % of the time shall be used for thawing, and for
Procedure B, not less than 20 % of the ume shall be used for
thawing (Note 4). At the end of the cooling period the
at the centers of the specimens shall be 0% 3°F
{-=17.8 £ 1.7°C), and al the end of the heating period the
temperature shall be 40 * 3°F (4.4 * 1.7°C), with no specimen
at any time reaching a temperature lower than — 3°F (-19.4°C)
nor higher than 43°F (6.1°C). The tme required for the
temperature at the center of any single specimen 1o be reduced
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from 37 to 3°F (2.8 10 = 16.1°C) shall be not less than one half
aof the length of the cooling period, and the time required for
ihe temperature atl the center of any single specimen o be
raised from 3 1o 37°F (-16.1 1o 2.8°C) shall be not less than
one half of the length of the heating period. For specimens to
be compared with each other, the time required 1o change the
temperature at the centers of any specimens from 35 to 10°F
(1.7 to = 12.2°C) shall not differ by more than one sixth of the
length of the cooling period from the time required for any
specimen and the time required to change the temperature at
the centers of any specimens from 10 to 35°F (=12.2 to 1.7°C)
shall not differ by more than one third of the length of the
heating period from the time required for any specimen.

More 4—In most cases, uniform lemperature and time conditions can
be controlled most conveniently by maintaining a capacity load of
specimens in [he equipment at all times. In the event that a capacity load
of les! specimens is not available. dummy specimens can be used 1o fill
empty spaces. This procedure also mssists greatly in mainaining uniform
fluid level conditions in the specimen and solution tanks.

The jesting of concrele specimens composad of widely varying mase-
rials or with widely varying thermal properties, in the same equipment a1
the same time, may not permit adherence to the lime-temperature
requirements for all specimens. It is advisable that such specimens be
tested ai different times and that appropriate adjustments be made 1o the
equipment.

5.3 The difference between the temperature at the center of
a specimen and the lemperature at its surface shall at no time
exceed 50°F (27.8°C).

5.4 The period of transition between the [reezing-and-
thawing phases of the cycle shall not exceed 10 min, except
when specimens are being tesied in accordance with 8.3.

6. Sampling

6.1 Constituent materials for concrete specimens made in
the laboratory shall be sampled using applicable standard
methods.

6.2 Samples cut from hardened concrete are o be obtained
in accordance with Practice C 823,

7. Test Specimens

7.1 The specimens for use in this test method shall be
prisms or cylinders made and cured in accordance with the
applicable requiremenis of Practice C 192 and Specification
C 490.

7.2 Specimens used shall not be less than 3 in. (76 mm) nor
more than 5 in. (127 mm} in width, depth, or diameter, and not
less than 11 in. (279 mm) nor more than 16 in. (406 mm) in
length.

7.3 Test specimens may also be cores or prisms cut from
hardened concrete. If so, the specimens should not be allowed
1o dry to a moisture condition below that of the structure from
which taken. This may be accomplished by wrapping in plastic
ar by other suitable means. The specimens so obtained shall be
furnished with gage studs in accordance with Test Method
C341.

7.4 For this test the specimens shall be stored in saturated
lime water from the time of their removal from the molds until
the time freezing-and-thawing tests are started. All specimens
1o be compared with each other initially shall be of the same
nominal dimensions.

8. Procedure

8.1 Molded beam specimens shall be cured for 14 days prior
to testing unless otherwise specified. Beam specimens sawed
from hardened concrete shall be moisture-conditioned by
immersing in saturated lime water at 73.4 £ 3°F (23 = 1.7°C)
for 48 h prior o testing unless otherwise specified.

£.2 Immediately afier the specified curing or conditioning

period, bring the specimen to a temperature within — 2°F
and + 4°F (=1.1°C and + 2.2°C) of the target thaw temperature
that will be used in the freeze-thaw cycle and test for
fundamental transverse frequency, weigh, determine the aver-
age length and cross section dimensions of the comcrete
specimen within the tolerance required in Test Method C 215,
and determine the initial length comparator reading (optional)
for the specimen with the length change comparator, Protect
the specimens against loss of moisture between the time of
removal from curing and the start of the freezing-and-thawing
cycles.
8.3 Stan freezing-and-thawing tests by placing the speci-
mens in the thawing water at the beginning of the thawing
phase of the cycle. Remove the specimens from the apparatus,
in a thawed condition, al intervals not exceeding 36 cycles of
exposure 1o the freezing-and-thawing cycles, test for funda-
mental transverse frequency and measure length change (op-
tional) with the specimens within the temperature range
specified for the tempering tank in 4.6, weigh each specimen,
and return them to the apparatus, To ensure that the specimens
are completely thawed and at the specified temperaturc place
them in the tempering tank or hold them at the end of the thaw
cycle in the freezing-and-thawing apparatus for a sufficient
time for this condition to be attained throughout each specimen
to be tested, Protect the specimens against loss of moisture
while out of the apparatus and tumn them end-for-end when
rewarmed. For Procedure A, rinse out the container and add
clean water. Return the specimens either to random positions in
the apparatus or lo positions according to some predetermined
rotation scheme that will ensure that each specimen that
continues under lest for any length of time is subjected to
conditions in all parts of the freezing apparatus. Continue each
specimen in the test until it has been subjected to 300 cycles or
until jts relative dynamic modulus of elasticity reaches 60 % of
the initial modulus, whichever occurs first, unless other limits
are specified (Note 5). For the optional length change test,
0.10 % expansion may be used as the end of test. Whenever a
specimen is removed because of failure, replace it for the
remainder of the test by a dummy specimen. Each time the
specimen is tested for fundamental frequency (Note 6) and
length change, make a note of its visual appearance and make
special eomment on any defects that develop (Mote 7). When it
is anticipated that specimens may deteriorate rapidly, they
should be tested for fundamental transverse frequency and
length change (optional) at intervals not exceeding 10 cycles
when initially subjected to freezing and thawing.

MHore 5—It is not recommended that specimens be continued in the test
after their relative dynamic modulus of elasticity has fallen below 50 %.
Mote 61 is recommended that the fundamental longitudinal fire-
quency be determined intially and a5 a check whenever a questhon exisis
copcerning the accuracy of determination of fundamental transverse
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frequency, and that the fundamental torsional frequency be determined
initially and pertodically as a check on the value of Poisson's ratio.

Mote T—In some applications, such as airfield pavements and other
slabs, popouts may be defects that are a concern, A popout is characierized
by the breaking away of a small portion of the concrede surface due o
internal pressure, thereby beaving a shallow and rypically conical spall in
the surface of the concrete through the aggregate particle. Popouts may be
ohserved as defects in the test specimens. Where popouts are a concem,
the nember and general description should be reported as a special
commenl. The aggregates causing the popout may be identified by
petrograghic examination as in Practice C 295,

8.4 When the sequence of freezing-and-thawing cycles must
be interrupted store the specimens in a frozen condition.

MNotme E—If, due to equipment breakdown or for other reasons. it
hecomes necessary 1o interrupt the cycles for a protracted period, store the
specimens in a frozen condition in such a way as to prevent loss of
moisture. For Procedure A, maintain the specimens in the containers and
surround them by ice, if possible. If it is not possible io siore ithe
specimens i their containers, wrap and seal them, in a3 wet a condition
ad posgible, in mosture-prool material (o prevent dehydration and store in
a refrigerator or cold room maintgined at 0 = 3°F (-17.8 £ L7T°C)
Follow the latter procedure when Procedure B is being used. In peneral,
for specimens 1o remain in a thawed condition for more than two cycles
is undesirable, but a longer period may be permissible if this occurs only
once of twice during & complete test,

9. Calculation

9.1 Relative Dynamic Modulus of Elasticire—Calculate the
numerical values of relative dynamic modulus of elasticity as
follows:

P,o=(n, Y% = 100 in

where:
F.

relative dynamic modulus of elasticity, after ¢ cycles
of freezing and thawing, percent,

fundamental transverse frequency at O cycles of
freezing and thawing, and

fundamental transverse frequency after ¢ cycles of
freezing and thawing.

Nome 9—This calculation of relstive dynamic modulus of elasticity is
based oni the assumpdion that the weight and dimensions of the specimen
remain constant throughout the test. This assumption is pot tree in many
cases due 1o disiniegration of the specimen. However, if the test is 1o be
wsed 0 make comparisons between the relative dymamic moduli of
different specimens or of different concrete formulati P, ax defined is
adequate for. the purpose.

9.2 Durability Facter—Calculate the durability factor as
follows:

n

y

DF = PNIM 2)

where:

DF = durability factor of the test specimen,

P = relative dynamic modulus of elasticity at N
cycles, %,

N = number of cycles at which P reaches the specified
minimum value for discontinuing the test or the
specified number of cycles at which the exposure is
to be terminated, whichever is less, and

M = specified number of cycles at which the exposure is
1o be terminated.

9.3 Length Change in Percent (optional}—Calculate the
length change as follows:

;t-&-rm % 100 @
where:
L. = length change of the test specimen after C cycles of

freezing and thawing, %,

I; = length comparator reading at 0 cycles,

{; = length comparator reading after C cycles, and

L, = the effective gage length between the innermost ends
of the gage studs as shown in the mold diagram in
Specification C 490.

10. Report

10.1 Report the following data such as are pertinent to the
variables or combination of variables studied in the tests:

10.2 Properties of Concrete Mixture:

10.2.1 Type and proportions of cement, fine aggregate, and
coarse aggregate, including maximum size and grading (or
dmmdpﬂn;md:m}.andnmufuummmm
cement,

10.2.2 Kind and proportion of any addition or admixture
used, .

10.2.3 Air content of fresh concrete,

10.2.4 Unit weight of fresh concrete,

10,25 Consistency of fresh concrete,

10.2.6 Air content of the hardened concrete, whmnuul:bla.

10.2.7 Indicate if the test specimens are cut from hardened
concrete, and il so, state the size, shape, orientation of the
specimens in the structure, and any other pertinent information
available, and

10.2.8 Curing period.

10,3 Mixing, Molding, and Curing Procedures—Repon any
departures from the standard procedures for mixing, molding,
and curing as prescribed in Section 7.

10.4 Procedure—Report which of the two procedures was
used.

10,5 Characteristics of Test Specimens:

10.5.1 Dimensions of specimens at 0 cycles of freezing and
thawing,

10.5.2 Weight of specimens at 0 cycles of freezing and
thawing,

10.53 Nominal gage length between embedded ends of
gage studs, and

10.5.4 Any defects in each specimen present at O cycles of
freezing and thawing.

10.6 Resules:

10.6.1 Values for the durability factor of each specimen,
calculated 1o the nearest whole number, and for the average
durability factor for each group of similar specimens, also
calculated to the nearest whole number, and the specified
values for minimum relative dynamic modulus and maximum
number of cycles (Note 9).

10.6.2 Values for the percent length change of each speci-
men and for the average percent length change for each group
of similar specimens (Note 10),

10.6.3 Values of weight loss or gain for each specimen and
average values for each group of similar specimens, and

Page A- 4



Modified Logan Freeze/Thaw Maintenance and Operations Manual

&8y c ese

10.6.4 Any defects in each specimen which develop during
esting, and the number of cycles at which such defects were
noted.

More 10—t is “recommended that the resulis of the test on each
specimen, and the average of the results on each group of similar
specimens, be plotied as curves showing the value of relative modulus of
elasticity or percent length change against time expressed as the number
of cycles of freezing and thawing.

11. Precision and Bias

1.1 Dymamic Modulis:

11.1.1 Within-Laboratory Precision (Single Beams)—
Criteria for judging the acceptability of durability factor results
obtained by the two procedures in the same laboratory on
concrete specimens made from the same batch of concrete or
from two baiches made with the same malerials are given in
Table 1. Precision data for length change (optional) are not
available at this time.

Mote 11—The between-batch precision of durability factors has becn
found to be the same as the within-baich precision. Thus the limits given
in this precision statement apply to specimens from different batches made
with the same matertals and mix design and having the same air content
as well a3 10 specimens from the same batch,

Mote 12—The precision of this method for both procedures has been
found to depend primanly on the average durability factor and not on the

TABLE 1 Within-Laboratory Durability Factor Preclslon for Single
Beams

Mome 1—The values given in Columns 2 and 4 are the standard
deviations that have begn found 1o be appropriate for Procedures A and B,
respectively, for tests for which the average dursbility factor is in the
comresponding range given in Column |, The values given in Columns 3
and 5 are the comesponding Limits that should not be excesded by the
difference between the results of two single test beams.

Procedurs A Procodune
Range of Av- -
ermda Durability

Fncr Baandard De- R of Twe Standard Da- A of Two

Ows oa 22 1.1 a0

S0 10 1.5 a4 4.0 1.4
100 20 59 %7 B e
2003 LE} 2316 105 A
30 w0 50 2.7 »se 154 418
50w TO 153 432 20.1 559
TO o B0 ne =7 171 48.3
B0 o 90 57 16.0 88 249
Bl o 95 21 6.0 38 1.0
Over B5 1.1 31 2.0 &7

G*MWWH{Eﬁﬂmmumhﬁm
670

maximum ¥ or minimum £ specified for terminating the test nor on the
size of the beams within limis. The data on which these precision
stalements are based cover maximum N's from 100 w 300 cycles, and
minimum F°s from 50 1o 70 percent of £, The indexes of precision ane
thus valid at least over these ranges.

11.1.1.1 The different specimen sizes represented by the
data include the following: 3 by 3 by 16-in: 3 by 3 by 16%s-in.;
I by 4 by 16-in.; 3% by 4% by 16-in.; 3 by 3 by 11-in.; and 3%
by 4 by 16-in.; and 4 by 3 by 16-in. The first dimension given
represents the direction in which the specimens were vibrated
in the test for fundamental transverse frequency. The most
commonly used size was 3 by 4 by 16-in.

11.1.2 Within-Labaratory Precision (Averages af Twe or
Maore Beams)—Specifications somelimes call for comparisons
between averages of two or more beams. Tables 2 and 3 give
appropriate standard deviations and acceptable ranges for the
two procedures for two averages of the number of test beams
shown.

11.1.3 Mulrilaboratory Pmcman—uﬁn data are available for
evaluation of multilaboratory precision. It 15 believed that a
mialtilaboratory statement of precision 15 nol appropriate be-
cause of the limiled possibility that two or more laboratories
will be performing freezing-and-thawing tests on the same
COnNCretes.

11.2 Length Change:

11.2.1 Within-Laboratory Precision—The single operator
coefficient of variation has been determined to be 299 %,
Therefore, results of two properly conducted tests by the same
operator on samples from the same batch of concrete, using the
same freeze-thaw apparatus and the same length comparator,
should not differ from each other by more than 84.6 % of the
average.

11.2.2 Multilaboratory Precision—No data are available for
multilaboratory precision. It is believed that a multilaboratory
statement of precision is not appropriate because of the limited
possibility that two or more laboratories will be performing

11.3 Bias—This test method has no bias because the values
determined can be defined only in terms of this test method.?

12. Keywords
12.1 accelerated testing; concrete-weathering tests; condi-
toning; freezing and thawing; resistance-frost

* Supporting data for the precision statement for length change have boen filled
ASTM Headquaners and may be obtained by requesting C%:1017.
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TABLE 2 Within-Laboratary Durabllity Factor Precision for Averagea of Two or More Beams—Procedurs A

Mumber of Baams Averaged
Range of Awerage 2 3 L] 5 L]
[Durability Factor
Standarnd Accaptable Saandard Acceptable Accapiabie Actopialie Stardand ACCEgLab
Derviation™ Range” Deviation™ Range* leﬂ:n" Range* Dmr" Ranga* Devviaticar® Range*
08 as 16 0.5 13 0.4 1.1 o4 10 03 o
51010 18] ai [ F ] 25 08 22 o7 20 0.8 18
10 o 20 43 RLE ] 34 7 a0 LT 27 75 2.4 68
20 o 0 58 167 4.8 137 42 na ar 106 a4 ar
a0 e 50 a0 54 7.4 208 64 18.0 57 16.1 52 147
50w T 108 308 8.8 50 TE 218 ¥ ] 193 8.2 178
O to BO [ ] a1 67 189 5.8 16.4 52 445 a7 134
B0 to 80 40 1.3 3.3 8.2 2.8 80 25 T2 23 65
] 15 42 1.2 as 1.1 a0 oe 7 og 24
Above 55 08 22 0.6 1.8 0.5 15 os 1.4 0.4 13
A Thesa numbers represent the [15) and (D2S) limits as described in Practics C 870,
TABLE 3 Within-Laboratory Durabliity Factor Precision for Averages of Two or More Beamas—FProcedurs B
Hurmiber of Beams Averaged
Aangs of Average 2 3 4 5 L
Dharability Facior
Stmndard Accepiable  Standard  Acceptabls  Standard  Accepiabls Saandard  Accepiable  Standard | Accepiable
Deviation® Aange* Deviation® Range” Deviation* Range* Deviation®  Range* Deviation™ Range*
0ws 08 21 0.8 18 as 1.5 i 1.1 : 1.4 o4 12
51010 28 8.1 23 6.6 20 5.7 1.8 6.1 1.7 4.7
100 20 57 162 4.7 132 4.1 -] 3.8 10.3 a3 T4
20 o 30 T4 210 a1 ir2 53 18 L 113 43 122
30 o 50 108 308 BB 251 .7 e 69 185 B3 178
&0 o 70 142 40.2 1.8 =1 ] 101 285 a0 55 a2 3.2
70 o B0 121 M2 e e a5 4.2 T8 n.e T0 19.7
B0 o 80 B2 176 50 14.4 L L] 12.5 e na a6 102 .
20 1o 55 28 TA 23 6.4 20 55 1.7 4.9 16 45
Abrve 85 14 41 1.2 33 1.0 29 0.8 2.8 o8 2.4

* Thisa nismibers represent thi (15) and (D2S) Imits as described i Practica C 870,

The Amancan Society lor Testing and Matarialy lskas no posiion mhmﬂwmwmhm
walfs @y iem mentioned in fis standard, Usars of this standand are axpressly sdvised that delermination of the vasialty of any such
patent rghts, and ihe risk of infringemant of Such fghts, are sntinsly air own responsbiity,

This standand is subject o revision af any Sme By ihe responsible techrical commiftes and must e reviewed every Bve years and
1t ol revised, either NeEpErOvEd Of withorewn. Your comments are invited eilhar for revision of s standard o for addiiona standads
and showld be addressed o ASTM Headguarfers. Your comments will receive camsiul condideration sl a mesting of the responsibile
tachrical commities, which you may adiend. ¥ you lesi ihal your commenis have nol recened a fair haddng you should make pour
vigwd known fo the ASTM Commities on Standards, ai the address shown Delow.

This standnd i copyrighied by ASTM, 100 Barr Harbor Drive, PO Bax C700, Wiest Conshohocken, PA 15428-2958, Linfed States.
Inalivichaal reprinds (single or muiiple copies) of this standard may be obdined by contacting ASTA af the above address o &l
GI0-632-8585 (phone), 610-8328555 (Tax), or senvice @asim.org (e-maif); or through e ASTM websile (www.asim.ong).
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APPENDIX B
Construction of Temperature Probe

The temperature probes are metal shell 2N2222 transistors. The base and emitter are shorted. The
transistor leads are then soldered to the leads of four conductor flat telephone wire (green and red
to the collector lead, black and yellow to the shorted base and emitter leads) and each lead is
protected with one-sixteenth inch polyolefin heat shrink tubing. A clip-on heat sink MUST be
attached to the lead being soldered to prevent damage to the transistor. Three and one-half inches
of one-quarter inch polyolefin tubing is then shrunk over the transistor, leaving the top exposed
(for optimum heat conduction) and extending along the flat wire. A one and one-half inch long by
five-sixteenth inch outer diameter by one-half inch inner diameter plastic tube (the tube from a
BIC pen is ideal) is filled with a high quality silicone adhesive sealant and pushed over the
transistor. The sealant is forced into the tube to remove any air pockets. The excess sedant is
wiped away, taking care to remove everything from the exposed face of the transistor. After the
sealant cures for a full day, a one and three-eighth inch length of three-eighth inch heat shrink is
placed around the tube and shrunk, once again leaving the face of the transistor exposed.

Transistor Data

Polarity :- NPN
Material :- Silicon
Package :- TO18
Vcb Max (collector-base voltage rating with emitter open circuited) :- 60V

Vce Max (collector-emitter voltage rating with base open circuited) :- 30V

Veb Max (emitter-base voltage rating with collector open circuited) :- 5V

Ic Max (rated maximum collector current) :- 800mA
Tj Max (rated maximum junction temperature) :- 1 75C

Ptot (rated maximum device power dissipation) :- 500mWF
Ft Min (minimum common-emitter gain-bandwidth product):- 250M
Hfe (common emitter,short-circuit,current gain) :- 100mn
Hfe Bias (dc bias current at which Hfe measured):- 150mA
Applications use :- Rf, Medium current,

Genera purpose.

Appendix D details the calibration of the probes.
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1/4" HEAT SHRINK TUBING
(3-1/2" LONG)

NEGATIVE LEAD

1/16" HEAT SHRINK TUBING

(3/4” LONG) OUTER INSULATOR OF WIRE PAIR
COLLECTOR
— - |||||||||||||||||+ Seplentuntuntos Mepumn
o L HE
et dntentuialinniy S
BASE EMITTER
POSITIVE LEAD
BASE AND EMITTER SHORTED 5/16" DIA. PLASTIC TUBE (BIC PEN)
(1-1/2" LONG)

3/8" HEAT SHRINK TUBING
(1-3/4" LONG)

Figure B1 — Temperature Probe Construction
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APPENDIX C
Computer Interface Control System

The following pages detail the wiring as modified to control the freeze/thaw machine by computer.
Figure C3 shows the temperature probe drive control board. It is comprised of eight identical
circuits, each centered around an operational amplifier, which takes the voltage difference across
the 2N 2222 transistors and applies gain to increase the voltage to alevel that can be read by the a/d
channels on the PCL-711b card.
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Figure C1 — Control System Schematic
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SET POINT

NOTE: ALL OF THE RESISTORS ARE 10 KILO
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OHM AND ALL OF THE POTENTIOMETERS

ARE T KILO OHM. IC CHIPS ARE LM324N 4 4@ i

QUAD OP AMPS

A/D CHANNEL #1 - * ‘ A/D CHANNEL #5 .
A/D CHANNEL #2 A/D CHANNEL #6
A/D CHANNEL #3 _ _ A/D CHANNEL #7
A/D CHANNEL #4 A/D CHANNEL #8

12 VDC
(nominal)

Figure C3 — Probe Driver Board Schematic
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APPENDIX D
Probe Driver Board Construction and Probe Calibration

The driver circuit is a very smple design, shown in figure C3 (it may look complex, but it is only
the same circuit duplicated eight times). There are two quad operational amplifiers (op amps), for
atotal of eight op amps. Each op amp has its own circuitry associated with it, and acts on only one
probe (although there will be some interaction between channels in the circuit, since no special
attempt was made to isolate them). The circuit isfed power through a regulated twelve volt power
supply. The output voltage of the op amp is fed to one of analog inputs of the PCL-711b I/O
board, referenced to ground. Each sub-circuit has two precision potentiometers. One pot adjusts
the gain (amplification of the signal from the probe; this adjusts the voltage output range for the
operational temperature range of the probe). The other adjusts the set point (the voltage output at a
given probe reference temperature; generally 7°C). The probes are connected to the terminal
blocks on the circuit board. The negative lead connects to the top block, the positive to the
bottom. A series of eight wires (so numbered) are used to monitor the voltage output for the
appropriate probe (again, referenced to the negative output of the power supply). Basic texts
detailing the operation and design of op amps are available. However, understanding the theory
behind the workings of the circuit is not necessary to use or repair the board, as the calibration
instructions in Appendix D should be sufficient to operate the system and the schematic in Figure
C3 lays out how to wire the board.

Calibration of the probes is time consuming, but not difficult. The probes are secured to the sensor
for adigital thermometer. The combination is then immersed in alarge bath of ethylene glycol (at
least one gallon) which is then placed in a freezer. Connect the probes to the driver circuit and
monitor the voltage at the outputs with a voltmeter. The calibration procedure is as follows (it
must be performed for each sub-circuit):

1) Bring the bath temperature down to about -18°C.

2) After the voltage output stabilizes, adjust the gain to provide an output voltage of
approximately four and one-half volts.

3) The bath temperature is then raised to 4°C (this can be accomplished by leaving the
bath in the freezer but opening the door or lid and adjusting the freezer temperature
control; it may take some experimentation to discover what setting and how much of
an opening is required).

4) Again waiting for the voltage output to stabilize, adjust the set point such that the
output voltage is about three volts.

5) Steps 1 through 3 are repeated until the voltages are maintained at the specified
temperatures without readjustment.

6) Perform alinear regression to find the equation of the line describing the temperature
vs. voltage relationship.

7) As acheck, bring the bath temperature to -7°C (the process from step 3 can be used).
After stabilization, measure the voltage. The equation should predict the temperature
to within a degree or so.

The calibration temperatures do not have to be precisely as specified (-18 and 4°C are used
because those are the changeover points of the machine and the probes should be as accurate as
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possible at those temperatures), but once chosen should be maintained as constant as possible
throughout the calibration process. If that is not possible, the voltage variation at the proper gain is
about five-hundredths of a volt per degree and that can be used to correct for different
temperatures.

An initial comprehensive calibration was performed to determine the nature of the response curve
of temperature versus voltage of the probes. The results are shown in Appendix F (note that these
equations are not valid for the probes currently in use; they are shown only to demonstrate the
form of calibration equation). The data points approximate a straight line over the range of -18 to
4°C. Therefore, a first order linear equation can be used to determine the temperature of the
probes (as noted above) to within a plus or minus one-half degree tolerance. The current equations
are incorporated into the operational program FTPROG.BAS in subroutine ADCONV. The
equation constants are in the file CALIB.DAT (which hasis set to afile attribute of "hidden"; this
would have to changed using the DOS ATTRIB command; refer to the DOS manual for details)
and can be changed if needed (if the probes are replaced). If this becomes necessary, the file
should be copied to a backup file for safety's sake. When writing the new datain (using an ASCI|
text editor), USE THE FORMAT OF THE ORIGINAL FILE! Otherwise, the program may not be
able to make use of the values properly.
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APPENDIX E
Freeze/Thaw Machine Control Program

INPUTS:

1) Analog - Two (2) from temperature probes (transistors), one (1) in each of two (2) temperature
control specimens and they are used to determine cycling of machine. The two values are
averaged to determine the point of changeover. Up to six more analog inputs are available and
may be used in the future to add probes to various locations in the machine and on its exterior.
Note: provisions are made for adding up to six (6) additional probes and storing the temperature
data. All that isrequired isto remove the apostrophes remarking out the appropriate progam lines.

2) Data inputs - The total elapsed cycles are inputted to the program from the disk at the start of
each new set of cycles. The constants for the temperature probe calibration equations are also
inputted to the program at this time.

OUTPUTS:

1) Digital - One (1) to the power input to the machine. One (1) to the heating system. One (1) to
the circulation fan. One (1) to the strip chart recorder motor (see section 2). One (1) to the cycling
relay that controls the heating and cooling phases

2) Analog - One (1) to the strip chart recorder, which acts as a backup system to record the
temperatures in thermal control specimen.

MANIPULATION:

1) Probe inputs - All will be read as voltages; equations (developed from calibration) will be used
to convert the voltages to the temperatures of the probes. At the low changeover point (typicaly -
17°C), power will be sent to the main power, the heating system, the circulation fan and the strip
chart recorder motor. This starts the heating phase. At the high changeover point (typicaly 2°C),
power will be sent to main power, the cycling relay, the circulation fan and the strip chart recorder
motor.

2) Cycling - The system will count the number of cycles (based on the number of low changeover
points encountered) and put the machine on standby at an operator inputted value for the cycles
(generally thirty-six).

3) Data outputs - All inputs are be saved to disk at intervals (to prevent the disk drive from
operating constantly) for graphing and later analysis. The starting and ending times are recorded.
The point of changeover is recorded to measure number of cycles.

Note: The program is written assuming that it and its data files are stored in drive C, in
subdirectory "FTFILES'.
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" THI' S PROGRAM CONTROLS THE SO LTEST CT-110 FREEZE/ THAW MACHI NE THROUGH AN | NTERFACE W TH AN ADVENTECH

' PCL-711B | NTERFACE CARD, CAPABLE OF PERFORM NG A/ D AND DY A CONVERSI ONS (8 CHANNELS OF | NPUT AND 1 CHANNEL OF

' OUTPUT, RESPECTIVELY) AND DI G TAL | NPUT AND OQUTPUT (16 CHANNELS OF EACH). THERE ARE x TEMPERATURE PROBES

' CONNECTED TO THE CARD (2N2222 TRANSI STORS, W TH THE EM TTER AND BASE SHORTED TOGETHER), WHOSE VALUES ARE

' SAVED TO DI SK AT SPECI FI C | NTERVALS FOR LATER ANALYSIS. TWO OF THE PROBES ARE PLACED | N TWO CONCRETE SPECI MENS | N
' THE FOURTH AND FI FTEENTH PCSI TIONS I N THE MACHI NE AND THEI R OUTPUT IS AVERAGED AND USED TO CONTROL THE MACHI NE;

' THAT IS, DETERM NE | TS MOVENT TO MOVENT OPERATI NG CHARACTERI STI CS. THE OTHER SI X ARE USED TO MONI TOR COOLANT

' TEMPERATURES THROUGHOUT THE MACHI NE. THERE IS ONE QUTPUT (ANALOG) TO A STRI P CHART RECCRDER, USED AS A BACKUP

' MONITORING SYSTEM ONE DI G TAL OUTPUT | S CONNECTED TO THE POAER FOR THE MACHI NE (WHI CH FEEDS TO THE HEATI NG AND
' COOLING SYSTEMS), ONE TO A RELAY THAT CYCLES THE MACHI NE BETWEEN THE HEATI NG AND COOLI NG PHASES (WHI CH CONTROLS
' WH CH SYSTEM | S FED POVER), ONE TO A RELAY TO CONTROL POVWER TO THE HEATI NG SYSTEM DI RECTLY (TO ALLOW THE HEATI NG
' SYSTEM TO BE SHUT DOMWN F THE SYSTEM TERM NATES ABNORMALLY (THIS | S A SAFETY FEATURE, | N ADDI TI ON TO THE THERMAL

" LIMT SWTCH PROVI DED W TH THE MACHI NE); OTHERW SE | T WOULD REVAI N ON UNTI L THE MACHINE | S SHUT DOMN), ONE TO A

' RELAY THAT CONTROLS THE Cl RCULATI ON FAN. AND ONE | S CONNECTED ( THROUGH AN EXTERNAL RELAY) TO THE STRI P CHART

' RECORDER MOTCR TO ACTI VATE I T DURI NG CYCLI NG

cLs
T "
PRINT "| |
PRINT | |
PRINT "| |
PRINT | R DOT |
PRINT "| RESEARCH AND TECHNOLOGY DEVELGPMVENT |
PRINT | LOGAN FREEZE/ THAW MACHI NE |
PRINT "| CONTROL PROGRAM |
PRINT | |
PRINT "| |
PRINT | |
T "
LOCATE 14, 28

1 I NPUT "PRESS ENTER TO CONTI NUE", start$

cLS

"1 NPUT VARI ABLES:

' bcal x - Y-1NTERCEPT OF G VEN TEMPERATURE PROBE CALI BRATI ON EQUALTI ONS. READ FROM FI LE CALI B. DAT

' choi ce$ - | NPUT FROM USER TO CONFI RM CHO CE OF OPTI ON.

' hi gh$ - ALLOAS THE OPERATOR TO CONFI RM A CAHNGE I N THE HI GH CHANGEOVER PO NT (HI PO NT) | N SUBROUTI NE BREAKOUT.
' hi poi nt new - THE CHANGEOVER PO NT | N gC FROM THE HEATI NG TO COOLI NG PHASE. THI S VALUE | S CHOSEN BY THE

' OPERATOR DURI NG THE SUBROUTI NE BREAKQUT. | F THE OPERATOR CONFIRMS THI S VALUE, HIPONT IS SET EQUAL TO TH S
' VAL UE.

' | ow$s - ALLOWS THE OPERATOR TO CONFI RM A CAHNGE I N THE LOW CHANGEOVER PO NT (LOWPOI NT) | N SUBROUTI NE BREAKOUT.

' | owpoi nt new - THE CHANGEOVER PO NT I N gC FROM THE COOLI NG TO HEATI NG PHASE. THI S VALUE | S CHOSEN BY THE

' OPERATOR DURI NG THE SUBROUTI NE BREAKQUT. | F THE OPERATOR CONFI RMS THI S VALUE, LOAWPO NT IS SET EQUAL TO THI S
' VAL UE.

nocycl es - | NPUT FROM OPERATOR TO SET THE NUMBER OF CYCLES THE MACHINE WLL RUN BEFORE BEI NG PLACED

' ON STANDBY.
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ntal x - SLOPE OF d VEN TEMPERATURE PROBE CALI BRATI ON EQUATI ONS. READ FROM FI LE CALI B. DAT

power$ - ACTI VATES RELAY THAT FEEDS POWER TO MACHI NE.

restart$ - | NPUT FROM OPERATOR TO RESTART OR END TEST WHEN SPECI FI ED NUMBER OF CYCLES ARE
COWPLETED ( SEE NOCYCLES ABOVE) .

rethaw$ - | NPUT FROM OPERATOR TO ACTI VATE THAW SUBROUTI NE OR CONTI NUE W THOUT THAW NG

start$ - DUMW VAR ABLE TO START EXECUTI ON OF PROGRAM FUNCTI ONS.

ttlcycle - I NPUT FROM DATA FILE "TTLCYCLE. DAT", TOTAL ELAPSED CYCLES FOR TEST. UPDATED DURI NG PROGRAM
EXECUTI ON.

CQUTPUT VARI ABLES:
tempctrl - ARRAY CONTAI NI NG ONE CYCLE OF RECORDED CONTROL TEMPERATURE VALUES AND TI MES ( SAVED TO
DI SK AND REI NI Tl ALI ZED) .
tenpstore$ - ARRAY CONTAI NI NG ONE CYCLE OF RECORDED TEST TANK TEMPERATURE VALUES AND
TIMES (SAVED TO DI SK AND REI NI TI ALI ZED) .

| NTERNAL VARI ABLES:
cool end - RECORDS THE CURRENT VALUE OF ELAPSED (SEE BELOWN AT THE START OF THE HEATI NG CYCLE. USED TO CALCULATE
THE RATI O OF HEATI NG TO COOLI NG PHASE TI MES.
cycle - TRACKS THE NUMBER OF CYCLES ELAPSED BETWEEN | NSPECTI ONS.
dat - SEE VAR ABLE PHASE BELOW
dat%§0), dat%1l), er% fun%- VALUES USED BY PCL-711 DRI VER TO ACCESS FUNCTI ONS ON CARD.
el apsed - THE TIME | N SECONDS SI NCE THE BEG NNI NG OF THE TEST ( CALCULATED USI NG THE TI MER FUNCTI ON) .
hi poi nt - THE CHANGEOVER PO NT I N gC FROM THE HEATI NG TO COOLI NG PHASE. ADJUSTABLE BY OPERATOR.
hitenp - THE H GHEST TEMPERATURE REACHED DURI NG THE MOST RECENT CYCLE (2C). TO ALLOW THE OPERATOR TO DETERM NE
THE OPTI MUM VALUE OF LOAPQO NT | NTERACTI VELY DURI NG MACHI NE OPERATI ON.
hol d$ - DI RECT KEYBOARD | NPUT, ACTI VATES SUBROUTI NE BREAKOUT.
hotend - RECORDS THE CURRENT VALUE OF ELAPSED ( SEE ABOVE) AT THE START OF THE COOLI NG CYCLE. USED TO CALCULATE
THE RATI O OF HEATI NG TO COOLI NG PHASE TI MES.
| owpoi nt - THE CHANGEOVER PO NT | N gC FROM THE COOLI NG TO HEATI NG PHASE. ADJUSTABLE BY OPERATOR
| owtenp - THE LOAEST TEMPERATURE REACHED DURI NG THE MOST RECENT CYCLE (2C). TO ALLOW THE OPERATOR TO DETERM NE
THE OPTI MUM VALUE OF LOAPQO NT | NTERACTI VELY DURI NG MACHI NE OPERATI ON.
phase (dat) - | NDI CATES THE DESI RED CYCLI NG PHASE OF THE MACHI NE. THE PHASES ARE AS FOLLOWS (DAT IS THE
NUMBER FED TO THE SUBRQUTI NE DO, THE NUMBER | N PARENTHESES | S THE BI NARY NUMBER THE PCL-711S DRI VER
USES; EACH ZERO | NDI CATES THAT PONER IS OFF FOR THAT CHANNEL, EACH ONE THAT POVWER IS ON;, THE FI RST NUMBER ON
THE RIGHT I S FOR MACH NE PONER, THE SECOND IS FOR THE RELAY THAT CONTROLS THE CYCLING THE THIRD IS FOR THE
RELAY THAT ACTI VATES THE STRI P CHART RECORDER:
WHEN phase = 0 THEN dat = 0 (00000000), MACH NE SHUTDOWN.
WHEN phase = 1 THEN dat = 7 (100001110), FREEZI NG PHASE - MAI N PONER, Cl RCULATI ON FAN,
STRI P CHART RECORDER AND CYCLE RELAY (TO ACTI VATE REFRI CERATI ON SYSTEM) FED POV\ER
WHEN phase = 2 THEN dat = 5 (00000111), THAW NG PHASE - MAI N PONER, Cl RCULATI ON FAN,
STRI P CHART RECORDER AND HEATI NG ELEMENTS FED POVER
phasetenp - HOLDS THE CURRENT PHASE OF THE MACHI NE | N THE BREAKOUT SUBROUTI NE.
SO THAT THE MACH NE MAY RETURN TO THAT PHASE | F THE USER DESI RES.
phaset enp$ - ACCESSES THE TI ME$ FUNCTI ON WHEN PHASE STARTS AND STORES THAT TI ME.
start - AN ARRAY CONTAI NI NG THE STARTI NG Tl MES FOR EACH CYCLE | N SECONDS ELAPSED (USI NG TI MER FUNCTI ON) .
starttime$ - ACCESSES THE TI ME$ FUNCTI ON WHEN CYCLE STARTS AND STORES THAT TI ME.
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' tenpl TO tenmp8 - DATA ACCESSED FROM PCL- 711B

' tenpnew - AVERACE OF THE TEMPERATURE OF PROBES ONE AND TWO ( THE CONTROL PROBES) .

' tenpsunml TO tenpsunB - SUM OF 100 SUCESSI VE VALUES OF TEMP1 TO TEMP8, RESPECTI VELY

' tenpold - THE PREVI QUS CONTROL TEMPERATURE, USED TO COVPENSATE FOR ATYPI CAL VARI ATIONS I N
' THE MEASURED VALUES. ALSO USED TO DERI VE VOLTAGE SENT TO STRI P CHART RECCRDER.  TAKEN
' FROM TEMPNEW

' thawt enp - THE AVERAGE TEMPERATURE OF THE CONTROL SPECI MENS DURI NG THE OPERATI ON OF THE

' SUBROUTI NE ( CALCULATED BY ADCONV)

' toarray - | NDI CATES WHEN THE AVERAGE TEMPERATURE OF THE CONTROL PROBES DROPS ONE gC TO

' DETERM NE WHEN THE TEMPERATURE DATA SHOULD BE SAVED TO THE ARRAYS

SUBRQUTI NES:

' breakout - ALLOAS OPERATOR TO | NTERRUPT PROGRAM EXECUTI ON AND CHANGE MODES
' thaw - ALLOWS OPERATOR TO FULLY THAW SPECI MENS BY ACTI VATI NG HEATI NG PHASE (BRI NGS CONTROL SPECI MEN TO
' 21.1 20

' todi sk - SAVES ALL TI ME AND TEMPERATURE DATA TO DI SK FI LES

' SUBROUTI NES BUI LT AROUND PCL- 711 DRI VER FUNCTI ONS) :

' adconv - ACCESSES TEMPERATURE PROBE VOLTAGES FROM PCL- 711AND CONVERTS THEM TO TEMPERATURES, BASED ON

' CAL| BRATI ON EQUATI ONS

' daconv - ACCESSES PCL-711 AND FEEDS VOLTAGE TO STRI P CHART RECORDER, BASED ON AVERAGE VOLTAGES MEASURED
' FROM TEMPERATURE PROBES ONE AND TWO ( SEE TEMPOLD DEFI NI TI ON ABOVE) .

' di gi tal out put - FEEDS VOLTAGE TO RELAY THAT SW TCHES THE HEATI NG AND COOLI NG SYSTEMS.

' DATA FI LES:

' CALI B. DAT - CONTAINS THE SLOPE AND Y- NTERCEPT VALUES FOR THE TEMPERATURE PROBE CALI BRATI ON EQUATI ONS
' CTRL. DAT - CONTAINS TI ME AND TEMPERATURE DATA FOR THE CONTROL PROBES

' START. DAT - CONTAINS Tl ME AND DATE DATA FOR CYCLES AND CHANGEOVERS

' TEST. DAT - CONTAINS TI ME AND TEMPERATURE FCR REMAI NDER OF PROBES

' TTLCYCLE. DAT - CONTAI NS THE ELAPSED NUMBER OF CYCLES

" THESE LI NES | NI TI ALI ZE THE VARI ABLES, | NCLUDI NG DI MENSI ONI NG ARRAYS:

DIMtenpctrl $(4, 500), tenp(8), tenpstore$(7, 500), dat% 10), aryl% 1000), ary2% 1000), start(1001) ' DI MENSI ON OF ARRAYS
CLEAR , , 10000

TI MER ON ' STARTS THE TI MER FUNCTI ON TO CLACULATE ELAPSED Tl ME TO DETERM NE PHASE RATI GS | N CYCLES
' THESE VALUES ARE USED TO CALCULATE THE RATI O OF HEATI NG TO COOLI NG PHASE TI MES:

status = 0

el apsed = 0

hotend = 0
coolend = 0
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lowpoint = -16.7 'INTIALIZES THE LON TEMPERATURE CHANGEOVER PO NT
hipoint = 1.2 '"INTIALIZES THE H GH TEMPERATURE CHANGEOVER PO NT

"THESE LINES | NI TI ALI ZE THE DATA FI LES:

OPEN "c:\ftfiles\CTRL. DAT" FOR APPEND AS #1
' OPEN "c:\ftfiles\TEST. DAT* FOR APPEND AS #2 [ REVARKED OUT UNTI L THESE PROBES ARE | NSTALLED]
OPEN "c:\ftfil es\ START. DAT" FOR APPEND AS #3

OPEN "c:\ftfiles\TTLCYCLE. DAT" FOR | NPUT AS #4
I NPUT #4, ttlcycle
CLCSE #4

OPEN "c:\ftfiles\CALI B. DAT" FOR | NPUT AS #5
I NPUT #5, ntall, bcall
| NPUT #5, ntal 2, bcal 2

' I NPUT #5, ntal 3, bcal 3 ' [ REMARKED QUT UNTI L THESE PROBES ARE | NSTALLED]

' I NPUT #5, nctal 4, bcal 4 ' [ REMARKED OUT UNTI L THESE PROBES ARE | NSTALLED]

' I NPUT #5, ntal 5, bcal 5 ' [ REMARKED QUT UNTI L THESE PROBES ARE | NSTALLED]

' I NPUT #5, ntal 6, bcal 6 ' [ REMARKED OUT UNTI L THESE PROBES ARE | NSTALLED]

' I NPUT #5, ntal 7, bcal 7 ' [ REMARKED QUT UNTI L THESE PROBES ARE | NSTALLED]

' I NPUT #5, nctal 8, bcal 8 ' [ REMARKED OUT UNTI L THESE PROBES ARE | NSTALLED]
CLCSE #5

OPEN "c:\ftfiles\TTLCYCLE. DAT" FOR APPEND AS #4
count = 0 "I NI TI ALI ZE COUNT
' THE FOLLOW NG LI NES PROVPT THE OPERATOR TO REQUEST STARTUP OF THE POAER ACTI VATI ON SEQUENCE:
A I NPUT "PLEASE ENTER THE NUMBER OF CYCLES DESIRED (36 MAXIMUM: "; nocycles
"THI'S LOOP PERFORMS THE VALI DATI ON OF NOCYCLES | NPUT:
I F nocycles > 36 OR nocycles < 1 OR ABS(INT(nocycl es)) <> nocycles THEN
PRI NT "THE NUMBER OF CYCLES MJUST BE A POSI TI VE | NTEGER BETWEEN 1 AND 36. PLEASE TRY AGAIN."
GOTO A
END | F
I NPUT "PLEASE ENTER Y TO START CYCLING "; power$
"THI'S LOOP PERFORMS THE VALI DATI ON OF POAER$ | NPUT:

Al: I F power$ <> "Y' AND power$ <> "y" THEN
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PRINT "THAT 1S NOT A VALID INPUT. PLEASE TYPE IN Y TO PLACE THE MACH NE ON STANDBY. "
| NPUT power $
GOTo Al

END | F

"THESE LINES | NI TI ALI ZE | NTERNAL VARI ABLES:

CLS
GOSUB adconv ' DETERM NE PROBE TEMPERATURES
lowtenp = (tenp(1l) + tenp(2)) / 2 ' SET THE INITIAL VALUE OF LOMEMP BY CALCULATI NG AVERAGE OF CONTROL PROBE TEMPERATURES
hitenp = 0 'SETS THE INITIAL VALUE OF H TEMP. A VALUE OF ZERO |'S USED BECAUSE THE PROBE SPECI MENS ARE TYPI CALLY AT ROOM
TEMPERATURE ( APPROXI MATELY 20°C) AT THE START OF THE FIRST CYCLE. THE TEMPERATURE |'S TOO HI GH TO BE USED
AS A REFERENCE AS NORMAL OPERATI NG TEMPERATURES SHOULD NOT GO ABOVE 10°C DURI NG CYCLI NG AND THE | NI TI AL
' VALUE WLL NEVER BE RESET.
C GOSUB adconv ' DETERM NE PROBE TEMPERATURES

tenpold = (tenp(1) + tenp(2)) / 2 ' CALCULATE AVERAGE OF CONTROL PROBE TEMPERATURES

' THESE LI NES CHECK FOR | NPUT FROM THE KEYBOARD. | F THE INPUT IS AN S OR s, THE PROGRAMS GOES
' TO SUBRQUTI NE BREAKOQUT TO CHANCE THE OPERATI ONAL MODE ( SEE VARI ABLE DEFI NI TI ONS FOR STATUS
' VALUES):

hol d$ = | NKEY$
IF hold$ ="S" OR hold$ = "s" THEN
GOSUB br eakout

IF status = 2 THEN END

IF status = 1 THEN GOTO Al

IF status = 3 THEN GOTO D
END | F
phase = 1 ' COOLI NG PHASE
GOSUB di gi t al out put ' EXECUTES PHASE

' THESE LI NES OUTPUT STARTUP Tl ME AND DATE TO THE DATA FI LE:

D: PRI NT #3, "STARTUP AT : "; DATES$, TIME$
starttime$ = TI MVE$
phaseti ne$ = TI ME$
toarray = 0
cycle =
D1: count

I =

0
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D2: GOSUB adconv " ACCESS DI G TAL TO ANALOG CONVERTCOR FOR PROBE TEMEPRATURES

"THIS | F LOOP | NCREMENTS ELAPSED | F ONE SECOND HAS PASSED SI NCE THE LAST | NCREMENT COF
' ELAPSED OR | F M DNl GHT HAS PASSED:

E: GOsUB adconv " ACCESS A/ D CONVERTER FOR TEMPERATURES

ON TI MER(1) GOSUB phaseratio

GOsUB daconv " ACCESS DY A CONVERTER FOR QUTPUT TO STRI P CHART RECORDER
IF cycle = nocycles + 1 THEN ' DES| RED ELAPSED CYCLES BEFORE | NSPECTI ON ( ASTM C666)
phase = 0 ' PLACE MACHI NE ON SHUTDOWWN
GOSUB di gi t al out put ' ACCESS DI G TAL QUTPUTS AND EXECUTE PHASE
GOro X
END | F

' THESE LINES PRI NT THE MACHI NE CONDI TI ON DATA TO THE SCREEN AND UPDATE AS ADCONV | S ACCESSED:

CLS

PRI NT " OPERATI ONAL MODE: "
PRINT "THE DATE IS "; DATE$
PRINT "THE TIME IS "; TIMES$

PRI NT

PRINT "THE CYCLE NUMBER IS "; cycle; " ("; ttlcycle - 1; " TOTAL CYCLES ELAPSED)"
PRI NT " REQUESTED CYCLES: "; nocycl es

PRINT " CYCLE INITIATED AT "; starttine$; "."

I F phase = 1 THEN PRI NT " COCLI NG PHASE, | NI TI ATED AT "; phaseti me$

I F phase = 2 THEN PRI NT " HEATI NG PHASE, | NI TI ATED AT "; phasetinme$

I F el apsed <> 0 AND hotend <> 0 AND coolend <> 0 AND start(ttlcycle - 1) <> 0 AND (hotend - start(ttlcycle - 1)) <> 0 THEN

PRI NT USI NG "THE TI ME RATI O OF HEATI NG TO COCLING I S #. ### (0.25 min)."; ABS(hotend - coolend) / (hotend -
start(ttlcycle - 1))
ELSE PRI NT
END | F

PRI NT USI NG " THE AVERAGE TEMPERATURE OF THE CONTROL PROBES IS ###.# oC."; (tenp(1l) + tenp(2)) / 2
PRI NT USI NG "PROBE NUMBER ONE TEMPERATURE | S ###. # oC'; tenp(1)
PRI NT USI NG "PROBE NUMBER TWO TEMPERATURE | S ###. # oC'; tenp(2)

PRI NT USI NG "THE LOAEST AND HI GHEST AVERAGE PROBE TEMPS ARE, RESPECTI VELY: ###.# AND ###.# oC."; |owtenp; hitenp

PRI NT USI NG "THE LOWN AND HI GH CHANGEOVER PO NTS ARE, RESPECTI VELY: ###.# AND ###. # oC."; | owpoi nt; hipoint
PRI NT tenpold

' THESE LI NES DI SPLAY THE OPTI ON OF BREAKI NG FROM THE REGULAR PROGRAM TO CHANGE MODES:
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LOCATE 23, 1

PRI NT
PRI NT "PRESS S TO CHANGE MODES AND/ OR CHANGEOVER PO NTS'
PRI NT " (DO NOT RESET CHANGEOVER PO NTS UNTI L AFTER THE FI RST CYCLE)"

' THESE LI NES CHECK FOR | NPUT FROM THE KEYBOARD. |F THE INPUT IS AN S OR's, THE PROGRAMS GOES
' TO SUBROUTI NE BREAKOUT TO CHANGE THE OPERATI ONAL MODE ( SEE VARI ABLE DEFI NI TI ONS FOR STATUS
' VALUES):

hol d$ = | NKEY$
IF hold$ ="S" OR hold$ = "s" THEN
GOSUB br eakout

IF status = 2 THEN END

IF status = 1 THEN GOTO Al

IF status = 3 THEN GOTO D
END | F

tenpnew = (tenp(1) + tenp(2)) / 2 ' COMPUTES AVERAGE OF CONTROL PROBE TEMPERATURE
IF tenpnew < | owtenp THEN | owtenp = tenpnew ' RESETS THE VALUE OF LOMEMP | F THE CURRENT AVERAGE PROBE TEMPERATURE |S
LOVER
IF cycle > 1 AND tenpnew > hitenp THEN hitenp = tenpnew ' RESETS THE VALUE OF HI TEMP | F THE CURRENT AVERAGE PROBE
' TEMPERATURE |'S HI GHER AND THE CYCLE |'S NOT THE FI RST (THE I NI TI AL
' TEMPERATURE | S HI GHER THAN THE NORMAL MAXI MUM CYCLE TEMPERATURE) .

"THI S | F LOOP CHECKS THE AVERAGE CONTROL PROBE TEMPERATURE FOR A ONE ¢C VARI ATI ON FROM THE LAST
' STORED VALUE:

IF ABS(tenpold - tenmpnew) >= 1 THEN
tenmpol d = tenpnew ' RESETS TEMPOLD WHEN CURRENT TEMPERATURE CHANGES BY ONE @C
toarray = 1 ' ACTI VATES FUNCTI ON TO SAVE DATA TO THE ARRAYS FOR LATER DI SK STORAGE
count = count + 1 '|NCREMENTS COUNT TO | NDI CATE HOW MANY DATA PO NTS TO SAVE

END | F

IF toarray <> 1 THEN GOTO EA ' BYPASSES STATEMENTS THAT SAVE DATA TO ARRAYS
tenmpctrl $(2, count)

tenmpctrl $(3, count)
tenmpctrl $(4, count)

STRS((FI X((temp(1l) + tenp(2)) / 2) * 10) / 10)
STRS((FI X(tenp(1) * 10) / 10))
STRS((FI X(tenp(2) * 10) / 10))

tenmpctrl $(1, count) TI ME$
LOCATE 16, 1: FOR |l =1 TO 4: PRINT tenmpctrl$(l, count); : NEXT |: PRINT
' tenpstore$(1l, count) TI VE$ ' [ REMARKED OUT UNTIL THESE PROBES ARE | NSTALLED]

STR$((FI X(tenp(3) * 10) / 10)) ' [REMARKED OUT UNTIL THESE PROBES ARE | NSTALLED]
STR$((FI X(tenp(4) * 10) / 10)) ' [ REMARKED OUT UNTIL THESE PROBES ARE | NSTALLED]

' tenpstore$(2, count)
tenpst ore$(3, count)
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' tenpstore$(4, count) = STR$((FIX(tenp(5) * 10) / 10)) '[REMARKED QUT UNTIL THESE PROBES ARE | NSTALLED]

' tenpstore$(5, count) = STR$((FIX(tenp(6) * 10) / 10)) '[ REMARKED OUT UNTIL THESE PROBES ARE | NSTALLED|

' tenpstore$(6, count) = STR$((FIX(tenp(7) * 10) / 10)) '[ REMARKED QUT UNTIL THESE PROBES ARE | NSTALLED]

' tenpstore$(7, count) = STR$((FIX(tenp(8) * 10) / 10)) '[ REMARKED OUT UNTIL THESE PROBES ARE | NSTALLED|
toarray = 0 " REI NI TI ALl ZES TOARRAY

"THI'S LOOP DETERI M NES WHEN CHANGEOVER OCCURS, ElI THER FROM HOT TO COLD CYCLI NG OR THE REVERSE:

EA: IF (tenp(1l) + tenp(2)) / 2 <= | owpoint AND phase = 1 THEN " CHANGEOVER POl NT ( FROM COOLI NG PHASE)
phase = 2 ' HEATI NG PHASE
GOSUB di gi t al out put " ACCESS DI G TAL QUTPUTS AND EXECUTE PHASE
cool end = el apsed ' SETS THE ELAPSED Tl ME | N SECONDS AT THE END OF THE COCLI NG PHASE
phaseti me$ = Tl ME$ ' STORES START OF HEATI NG PHASE
PRI NT #3, "HEATING PHASE AT "; TIME$;, " ON"; DATE$ ' SAVES START OF HEATI NG PHASE TI ME TO DI SK
ELSEIF (tenp(1l) + tenp(2)) / 2 >= hipoint AND phase = 2 THEN ' CHANGEOVER POl NT ( FROM HEATI NG PHASE)
phase = 1 ' COOLI NG PHASE
GOSUB di gi t al out put " ACCESS DI G TAL QUTPUTS AND EXECUTE PHASE
hot end = el apsed ' SETS THE ELAPSED TI ME I N SECONDS AT THE END OF THE HEATI NG PHASE
start(ttlcycle) = el apsed ' SETS THE ELAPSED TI ME | N SECONDS AT THE END OF THE CYCLE
cycle = cycle + 1 " | NCREMENT CYCLE COUNTER
ttlcycle = ttlcycle + 1 "I NCREMENT TOTAL NUMBER OF CYCLES
PRI NT #3, "COOLI NG PHASE AT "; TIME$;, " ON "; DATE$ ' SAVES START OF COOLI NG PHASE TI ME TO DI SK
GOSUB TODI SK
starttime$ = TI ME$ ' STORE CYCLE START TI ME
phaseti ne$ = Tl ME$ ' STORE COOLI NG PHASE START TI ME

END | F
IF CYCLES - 1 <> nocycles THEN GOTO D2 ' CHECKS TO SEE | F ELAPSED CYCLES IS AT | NSPECTI ON PO NT
' THESE PRI NT STATEMENTS DI SPLAY THE STATUS ON SHUTDOWN FOR | NSPECTI ON AND PRI NTS THE DATA TO FI LE:

X: PRINT "NORMAL SHI FT | NTO SHUTDOWN MODE. "*; cycle - 1; " CYCLES COVPLETED. "

PRINT " AT "; TIME$; " ON"; DATE$
PRI NT #3, USI NG "NORVAL SHUTDOAN AT ## CYCLES, ON'; cycle - 1;
PRINT #3, DATES$; ", AT "; TIME$; " ("; ttlcycle; " CYCLES TOTAL)"

PRI NT #4, ttlcycle
CLOSE ALL
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X1: I NPUT "PRESS 1 AND ENTER TO FULLY THAW SPECI MENS, 2 AND ENTER TO CONTI NUE W THOUT THAW NG
| F RETHAWS <> "1" AND RETHAWS <> "2" THEN
PRI NT "THAT IS NOT A VALI D OPTI ON. PLEASE TRY AGAIN. "
GOTO X1
END | F
| F RETHAWS = "1" THEN GOSUB THAW
Y: I NPUT "PRESS 1 AND ENTER TO CONTI NUE CYCLING, 2 AND ENTER TO END'; restart$
"THIS | F LOOP VALI DATES USER | NPUT OF RESTARTS:
IF restart$ <> "1" AND restart$ <> "2" THEN
PRI NT "THAT IS NOT A VALI D OPTI ON. PLEASE TRY AGAIN. "
Goro 'y
END | F
"THI S LOOP CONFI RMs THAT THE OPERATOR W SHES TO RESTART CYCLI NG
IF restart$ = "1" THEN
| NPUT "YQOU HAVE CHOSEN TO CONTI NUE CYCLI NG ARE YOU SURE?", choice$
IF choice$ = "Y" OR choice$ = "y" THEN GOTO A ELSE GOTO Y
END | F
"THI'S LOOP CONFI RMS THAT THE OPERATOR W SHES TO END TESTI NG
IF restart$ = "2" THEN
I NPUT "YOU HAVE CHOSEN TO END TESTI NG ARE YOU SURE?", choice$

IF choice$ = "Y' OR choice$ = "y" THEN

RETHAW

PRINT "TESTING IS CONCLUDED WTH "; cycle - 1; " CYCLES COWPLETED ("; ttlcycle; " TOTAL) AT "; TIMES;

PRI NT #3, USING "SHUTDOAN AT ## CYCLES, ON'; cycle - 1;
PRINT #3, DATES$; ", AT "; TIME$, " (", ttlcycle; " CYCLES TOTAL)"
PRI NT #4, ttlcycle
CLOSE ALL
phase = 0
GOSUB di gi t al out put
END

END | F

ELSE GOTO Y

"

o

DATES;
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END | F
TI MER OFF
END

LI O R O SUBRQJTI NES R R O I

" TH S SUBROUTI NE ACCESSES THE PCL-711 A/ D CONVERTER TO OBTAI N THE TEMPERATURE DATA TO CONTRCL THE
' MACHI NE CYCLI NG

adconv:
' THESE STATEMENTS I NI Tl ALI ZE THE tenpsunx VARI ABLES USED TO STABI LI ZE THE TEMPERATURE DATA:
tempsunml = 0: tenpsun? = 0

"o tenpsunB = 0: tenpsun¥ = 0: tenpsunb = 0: tenpsunb = 0: tenpsun?V = 0: tenpsunB = O] REMARKED QUT UNTIL THESE PROBES
' ARE | NSTALLED]

ER% = 0 ' SETS THE PCL- 711S DRI VER ERROR RETURN CODE FUNCTI ON
PORT% = &H220 ' SETS THE HARDWARE ADRESS FOR THE PCL_711S |/ O BOARD
dat %4 0) = PORT% " ASSI GNS THE PORT TO A DRI VER VARI ABLE
fun% =0 " FUNCTI ON 0, | NI Tl ALI ZE DRI VER
CALL PCL711(fun% SEG dat%0), SEG aryl%0), SEG ary2%0), ER% " CALLS THE PCL- 711S DRI VER
start% = 0: dat%0) = start% 'SETS THE DRI VER TO START AT THE FI RST CHANNEL FOR THE | NPUT RANGE
stp% = 7: dat% 1) = stp% ' SETS THE DRI VER TO STOP AT THE LAST CHANNEL FOR THE | NPUT RANGE
fun% =1 " PCL- 711S FUNCTI ON 1, SET | NPUT CHANNEL RANGE
CALL PCL711(fun% SEG dat%0), SEG aryl%0), SEG ary2%0), ER% " CALLS THE PCL-711S DRI VER
fun% = 3 " FUNCTI ON 3, PERFORM S| NGLE A/ D CONVERSI ON

' THESE NESTED LOOPS ACCESS THE DRI VER FUNCTI ON AND CALCULATE THE PROBE' S TEMPERATURE, BASED ON THE CALI BRATI ON

' EQUATI ONS:

FOR J = 1 TO 1000

FORI =1 TO8
CALL PCL711(fun% SEG dat%0), SEG aryl%0), SEG ary2%0), ER% " CALLS THE PCL-711S DRI VER
IF 1 =1 THEN " TEMP. OF FI RST PROBE (CONTROL SPECI MEN, PROBE #1)
templ = ntal 1l * (.002445 * dat%0)) + bcall

END | F
IF 1 =2 THEN ' TEMP. OF SECOND PROBE ( CONTROL SPECI MEN, PROBE #2))

temp2 = ntal 2 * (.002445 * dat%0)) + bcal 2
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END | F

' [ REMVARKED OUT UNTI L THESE PROBES ARE | NSTALLED]

' IE 1 = 3 THEN tenp3 = ncal 3 * (.002445 * DAT9%O0)) + BCAL3' TEMP. OF TEST TANK PROBE ONE ( PROBE #3)

' IF | = 4 THEN tenp4 = ntal 4 * (.002445 * DAT%0)) + BCAL4' TEMP. OF TEST TANK PROBE TWD ( PROBE #4)

' IE 1 =5 THEN tenp5 = ncal 5 * (.002445 * DAT%O0)) + BCAL5' TEMP. OF TEST TANK PROBE THREE ( PROBE #5)

' IF| =6 THEN tenp6 = ntal 6 * (.002445 * DAT%0)) + BCAL6' TEMP. OF TEST TANK PROBE FOUR ( PROBE #6)

' IE 1 = 7 THEN tenp7 = ncal 7 * (.002445 * DAT%O0)) + BCAL7' TEMP. OF HOT HOLDI NG TANK PROBE ( PROBE #7)
' IF | =8 THEN tenp8 = ntal 8 * (.002445 * DAT%0)) + BCAL8 TEMP. OF OOLD HOLDI NG TANK PROBE ( PROBE #8)

NEXT |
' THESE STATEMENTS SUM THE CALCULATED PROBE TEMPERATUES:

tenpsuml = tenpl + tenpsunil
tenpsun2 = tenp2 + tenpsun

' [ REMARKED OUT UNTI L THESE PROBES ARE | NSTALLED

' tenpsunB = TEMP3 + tenpsunB
"tenpsumd = TEMP4 + tenpsumit
"tenpsunb = TEMP5 + tenpsunb
"tenmpsunt = TEMP6 + tenpsunb
"tenpsun¥ = TEMP7 + tenpsunv
"tenmpsunB8 = TEMP8 + tenpsunB

NEXT J

' THESE STATEMENTS AVERAGE THE SUMMVED PROBE TEMPERATURES TO RETURN VALUES TO THE PROGRAM

tenmpsuml / 1100
tenmpsun? / 1100

tenp(1)
tenp(2)

' [ REMARKED OUT UNTI L THESE PROBES ARE | NSTALLED

' tenp(3) = tenpsunB8 / 1100
' temp(4) = tenpsumd / 1100
' tenp(5) = tenpsunb / 1100
' temp(6) = tenpsunt / 1100
' temp(7) = tenpsun¥ / 1100
' tenp(8) = tenpsunB8 / 1100
RETURN

' TH' S SUBROUTI NE ALLOWS THE USER TO BREAK | NTO THE PROGRAM TO I NI TI ATE EMERGENCY MEASURES:
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br eakout :

' THESE LI NES STORE THE CURRENT PHASE AND SET THE MACHI NE TO STANDBY AS A SAFETY MEASURE:

phasetenp = phase

phase

=0

GOSUB di gi t al out put

' THESE STATEMENTS PROVPT THE OPERATOR TO ENTER THE MODE DESI RED:

El: CLS

I NPUT

"DO YOU WSH TO ALTER A CHANGEOVER PO NT (Y OR N)"; change$

"THIS | F LOOP VALI DATES THE VALUE OF CHANGES$:

I F change$ <> "Y" AND change$ <> "y" AND change$ <> "N' AND change$ <> "n" THEN

PRINT "THAT 1S NOT AN OPTI ON. PLEASE TRY AGAIN."
GOT10O E1

END | F

I F change$ = "N' OR change$ = "n" THEN GOTO F

' THE FOLLOW NG LI NES ALLOW THE OPERATOR TO CHANGE THE H GH CHANGEOVER PO NT AND PROVI DE | NFORVATI ON
' TO MAKE A PROPER SELECTI ON:

E2: CLS

PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
PRI NT
I NPUT

"THE HI GHEST TEMPERATURE TO BE REACHED IS 4.4 ¢gC. THE H GH CHANGEOVER PO NT"
"SHOULD BE APPROXI MATELY THE DI FFERENCE BETWEEN THE HI GHEST ACTUAL TEMPERATURE"
"AND THE CURRENT CHANGEOVER PO NT ( SHOWN W TH THE OPTI ON TO CHANGE THE"
"CHANGEOVER PO NT). SOVE ADJUSTMENT MAY BE REQUI RED. "

"WHAT IS THE NEW H GH CHANGEOVER PO NT (ACCEPTABLE RANGE IS -4 TO 4.4)?"
USI NG "(THE CURRENT | S ###.# @C)"; hi point

USI NG " (THE H GHEST ACTUAL TEMPERATURE REACHED | S ###.# gC)"; hitenp

hi poi nt new

I F hi pointnew > 4.4 OR hi pointnew < -4 THEN

PRI NT "THAT IS NOT AN OPTI ON. PLEASE TRY AGAI N."
G&OTO E2

END | F

"THI S LOOP CONFI RMS THE OPERATOR S CHO CE OF A NEW HI GH CHANGEOVER PO NT"
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E3: CLS

PRI NT USI NG "YOU HAVE CHOSEN ###. # oC AS THE NEW HI GH CHANGEOVER POI NT.": hi poi nt new
I NPUT "ARE YOU SURE (Y OR N)? "; hi gh$

"THIS | F LOOP VALI DATES THE VALUE OF HI GH$:

I'F high$ <> "Y' AND high$ <> "y" AND high$ <> "N' AND high$ <> "n" THEN
PRINT "THAT |'S NOT AN OPTION. PLEASE TRY AGAIN."
GOTO E3

END | F

IF high$ = "N' OR high$ = "n" THEN
GOTO E1

ELSE
hi poi nt = hi poi nt new
hitenmp = hi point

END | F

' THE FOLLOW NG LI NES ALLOW THE OPERATOR TO CHANGE THE LOW CHANGEOVER PO NT AND PROVI DE | NFORVATI ON
' TO MAKE A PROPER SELECTI ON:

E4: CLS
PRI NT "THE LOANEST TEMPERATURE TO BE REACHED IS -17.8 gC. THE LOW CHANGEOVER PO NT"
PRI NT "SHOULD BE APPROXI MATELY THE DI FFERENCE BETWEEN THE LOWEST ACTUAL TEMPERATURE"
PRI NT "AND THE CURRENT CHANGEOVER PO NT (SHOWN W TH THE OPTI ON TO CHANGE THE"
PRI NT " CHANGEOVER PO NT). SOME ADJUSTMENT MAY BE REQUI RED. "
PRI NT
PRI NT "WHAT IS THE NEW LOW CHANGEOVER PO NT ( ACCEPTABLE RANCE IS -14.8 TO -17.8)?"
PRI NT USING "(THE CURRENT | S ###.# @C)"; | owpoi nt
PRI NT USI NG "(THE LONEST ACTUAL TEMPERATURE REACHED | S ###.# @C)"; |owtenp
I NPUT | owpoi nt new
I F | owpoi ntnew > -14.8 OR | owpoi ntnew < -17.8 THEN
PRI NT "THAT 1S NOT AN OPTION. PLEASE TRY AGAIN. "
GOTO E4
END | F
E5: CLS
PRI NT USI NG "YOU HAVE CHOSEN ###.# 9C AS THE NEW H GH CHANGEOVER PO NT."; | owpoi nt new
INPUT "ARE YOU SURE (Y OR N? "; |ows

"THIS | F LOOP VALI DATES THE VALUE OF LOW:
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IF low$s <> "Y' AND [ow$ <> "y" AND | ow$ <> "N' AND | ow$ <> "n" THEN
PRI NT "THAT 1S NOT AN OPTI ON. PLEASE TRY AGAIN."

GOTO E5
END | F
IF low$ = "N' ORlow$ = "n" THEN
GOTO E1
ELSE
| owpoi nt = | owpoi nt new
END | F
phase = phasetenp ' RESTORES PHASE TO CONDI TI ON BEFORE | NTERRUPTI ON
GOSUB di gi t al out put
RETURN ' RETURNS TO THE MAI N PROGRAM

F. CLS
PRINT "ENTER Y | F YOU WANT TO STOP THE MACHI NE, N TO RETURN TO THE NAI N PROGRAM'
INPUT t$

"THIS | F LOOP VALI DATES THE VALUE OF t $:
IFt$ <> "Y' ANDt$ <> "y" ANDt$ <> "N' AND t$ <> "n" THEN
PRI NT "THAT 1S NOT AN OPTI ON. PLEASE TRY AGAIN."
GOro F
END | F
"THI'S LOOPS RETURNS TO THE MAI N PROGRAM AT THE PHASE AS WHEN LEFT:

IFt$ ="N ORt$ = "n" THEN

phase = phasetenp ' RESTORES PHASE TO CONDI TI ON BEFORE | NTERRUPTI ON
GOSUB di gi t al out put
RETURN " RETURNS TO THE MAI N PROGRAM

END | F

' THESE STATEMENTS SHOW THE OPERATCOR THE MODE SELECTED:

CLS
PRI NT "YOU HAVE CHOSEN TO SHUT DOWN THE MACHI NE. "

' THESES STATEMENTS CONFI RM THE OPERATOR S CHO CE:
F1: I NPUT "ARE YOU SURE (ENTER Y FOR YES, N FOR NO:"; inp$
"THIS | F LOOP VALI DATES i np$:

IF inp$ <> "Y' AND inp$ <> "y" AND inp$ <> "N' AND i np$ <> "n" THEN
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PRI NT "THAT IS NOT A VALID I NPUT. PLEASE TRY AGAIN."
G&OT0 F1:
END | F
"THI' S LOOPS RETURNS TO THE MAI N PROGRAM AT THE PHASE AS WHEN LEFT:

IFinp$ = "N' ORinp$ = "n" THEN

phase = phasetenp ' RESTORES PHASE TO CONDI TI ON BEFORE | NTERRUPTI ON
GOSUB di gi t al out put
RETURN ' RETURNS TO THE MAI N PROGRAM

END | F

' THE FOLLOW NG LI NES EXECUTE MACHI NE SHUTDOWN:

phase = 0 "ALL PONER (SERVI CE, SOLENO DS AND PUWPS) OFF
GOSUB di gi t al out put ' EXECUTE PHASE

END

hol d$ = "" ' RESETS HOLD$

RETURN

" TH S SUBROUTI NE LI NES ACCESS THE PCL- 711 D/ A CONVERTER TO FEED A VOLTAGE TO THE STRI P CHART RECORDER:

daconv:

ER% = 0 ' SETS THE PCL-711S DRI VER ERROR RETURN CODE FUNCTI ON

PORT% = &H220 ' SETS THE HARDWARE ADRESS FOR THE PCL_711S 1/ O BOARD

dat %¢ 0) = PORT% " ASSI GNS THE PORT TO A DRI VER VARI ABLE

fun% =0 "FUNCTION 0, INITIALIZE DRI VER

CALL PCL711(fun% SEG dat%0), SEG aryl1%0), SEG ary2940), ER% ' CALLS THE PCL-711S DRI VER

datog0) =1 'SETS THE D) A CHANNEL 1

dat9%1) = (1.3705 * tenpold + 33.6)' VOLTAGE SENT TO STRI P CHART RECORDER

fun% = 15 " FUNCTI ON 15, WRI TE DATA TO D) A CHANNEL

CALL PCL711(fun% SEG dat%0), SEG aryl9%0), SEG ary2%0), ER% ' CALLS THE PCL-711S DRI VER
RETURN

txxxkxxxx \WRITE DI G TAL OUTPUT USI NG FUNC 21 **x#xsxx

di gi t al out put:

| F phase = 0 THEN dat = 0 * SHUTDOWN ( 0000000000)
| F phase = 1 THEN dat = 271 " MAIN POAER, COOLI NG SYSTEM FAN AND STRI P CHART RECORDER ON (100001111)
| F phase = 2 THEN dat = 15 * MAIN POAER, HEATI NG SYSTEM FAN AND STRI P CHART RECORDER ON ( 0000001111)
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fun% = 21 " FUNCTI ON 21, WRITE OQUTPUT TO DI G TAL CHANNELS

dat% 1) = dat / 256 "Dl G TAL EQUI VALENT OF DECI MAL DATA ( CHANNELS 1-8)
dat%0) = dat MOD 256 ' DI G TAL EQUI VALENT OF DECI MAL DATA ( CHANNELS 9- 16)
CALL PCL711(fun% SEG dat%0), SEG aryl1%0), SEG ary2%0), ER% " CALLS THE PCL- 711S DRI VER

RETURN
'TH'S SUBROUTI NE | NCREMENTS ELAPSED WHEN CALLED BY THE ON Tl MER STATEMENT:
phaserati o:
el apsed = el apsed + 1
RETURN

"TH S SUBRQUTI NE THAWS THE SPECI MENS PRI OR TO | NSPECTI ON:

THAW
phase = 2 ' HEATI NG PHASE
GOSUB di gi t al out put ' EXECUTE PHASE
G GOSUB adconv " ACCESS A/ D CONVERTER FOR TEMPERATURES
IF (tenp(l) + tenp(2)) / 2 >= 21.1 THEN ' SPECI MENS FULLY THAWED (| NCLUDI NG | CE CAP)
phase = 0 ' STANDBY
GOSUB di gi t al out put ' EXECUTE PHASE
RETURN
END | F
GOSUB adconv ' DETERM NE PROBE TEMPERATURES

thawtenp = ((tenp(1l) + tenp(2)) / 2) ' CALCULATE AVERAGE OF CONTROL PROBE TEMPERATURES
' PRINT TO SCREEN

' THESE LI NES DI SPLAY THE OPTI ON OF BREAKI NG FROM THE REGULAR PROGRAM TO CHANGE MODES:
LOCATE 20, 1
PRI NT USI NG "THE AVERAGE OF THE CONTROL PROBE TEMEPRATURES | S ###.# oC'; thawtenp
PRI NT "PRESS S TO CHANGE MODES AND/ OR CHANGEOVER PO NTS"
PRI NT " (DO NOT RESET CHANGEOVER PO NTS UNTIL AFTER THE FI RST CYCLE)"
' THESE LI NES CHECK FOR I NPUT FROM THE KEYBOARD. | F THE INPUT IS AN S OR s, THE PROGRAMS GOES

' TO SUBROUTI NE BREAKOUT TO CHANGE THE OPERATI ONAL MODE ( SEE VARI ABLE DEFI NI TI ONS FOR STATUS
' VALUES):
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hol d$ = | NKEY$
IF hold$ = "S" OR hold$ = "s" THEN
GOSUB br eakout
IF status = 2 THEN END
| F status 1 THEN GOTO Al
| F status 3 THEN GOTO D
END | F

&OT10 G

RETURN

* THI' S SUBROUTI NE SAVES THE TEST DATA TO DI SK:
TODI SK:
*THI'S LOOP OUTPUTS TEMPERATURE VALUES TO THE DATA FI LES AT THE CYCLE | NCREMENTS:
PRINT #1, ttlcycle 'STORES THE NUMBER OF EFFECTI VE CYCLES TO CTRL. DAT
FOR N = 1 TO count
PRINT #1, tenpctrl$(2, N; " "; tenpctrl$(1, N); " "; tenpctrI$(3, N; " "; tenmpctrl$(4, N)'SAVE TO CTRL. DAT
' THE FOLLOW NG STATEMENTS SAVE DATA TO TEST. DAT:

' THE FOLLOWN NG 3 LI NES ARE REMARKED OUT UNTIL THE SI X ADDI TI ONAL PROBES ARE | NSTALLED:

' PRINT #2, tenpstore$(1l, N); " ", tenpstore$(2, N); " "; tenpstore$(3, N); " ";
! PRI NT #2, tenpstore$(4, N); " "; tenpstore$(5 N; " ";
' PRI NT #2, tenpstore$(6, N); " "; tenpstore$(7, N
NEXT N
PRI NT #3, "CYCLE NO.: "; cycle; " STARTED ON "; DATES$; " AT "; TIME$;, cycle' SAVE TO START. DAT

IF el apsed <> 0 AND hotend <> 0 AND coolend <> 0 AND start(ttlcycle - 1) <> 0 AND (hotend - start(ttlcycle - 1)) <>

0 THEN
PRI NT #3, "THE TI ME RATI O OF HEATI NG TO COOLING | S #. ### (0.25 nin)."; ABS(hotend - coolend) / (hotend -
start(ttlcycle - 1))
END | F
count = 0 " REI NI TI ALI ZE COUNT

RETURN
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Appendix F
Temperature Data: Probe Calibration and Machine Operation

Table F1 and Figure F1 show the calibration values for two typical probes (although not the ones
used in the machine). See Appendix D for more details on the procedure. Running the values
through a regression analysis gave a high correlation (>99%) using a first order equation. Several
runs gave comparable results.

PROBE #1 TEMP =-10.2 * (PROBE #1 VOLTAGE) + 23.6
PROBE #2 TEMP = -9.5* (PROBE #2 VOLTAGE) +19.7

where the coefficient isin °C/volts and the intercept isin °C.

Table F2 and Figure F2 show the typical temperature values recorded by the computer during
cycling. The first cycle is the initial startup and as such is somewhat unstable in terms of the
temperature variations. After the cooling phase, the variations decrease to within the tolerances
specified in ASTM C 666. The average of the probe values, each individual probe value and the
difference between the probes are shown.
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MEASURED

CALC.

MEASURED

CALC.

Average Of

ME?S,\LAJEED VOLTAGE | TEMP. VOLTAGE TEMP. Time Probe One P“}%%pro Di;;?gsce
-C) PROBE#1 | PROBE#1 | PROBE#2 | PROBE#1 (24h) Temps | Temp 0) “0)
(volts) (°C) (volts) (°C) (°C) (°C)
-20.6 4.32 -20.4 4.26 -20.6 17:45:43 2 1.9 36 1.7
-20.0 4.27 -19.9 4.20 -20.0 17:52:56 1 1.7 1.9 0.2
-19.4 4.22 -19.4 4.13 -19.4 17:57:21 0 0.4 1.2 0.8
-18.9 418 -18.9 4.08 -18.9 18:00:53 0 1 0.6 1.6
3 aw o am o oas | BEMO1 2oen oo
-17.8 4.08 -18.0 3.97 -17.9 18:14:41 -3 4.2 2.1 2.1
-17.2 4.00 -17.2 3.87 -16.9 18:19:02 -4 5.2 -3.1 2.1
-16.7 3.95 -16.6 3.81 -16.4 18:23:13 -5 6.3 -4 23
-16.1 3.91 -16.3 3.79 -16.1 18:27:42 -6 7.3 -5 2.3
-15.6 3.84 -15.5 3.72 -15.5 18:32:19 -7 -8.3 -6 2.3
-15.0 3.78 -14.9 3.69 -15.2 18:37:02 -8 -9.4 -6.9 2.5
144 374 145 361 145 18:41:57 -9 -10.4 7.9 2.5
-13.9 3.70 -14.1 3.57 -14.1 igggi; ﬁ 'E‘j 'g'g gg
-13.3 3.65 -13.6 8.51 135 18:57:37 12 434 -109 25
128 3.58 -12.8 3.44 -12.8 19:03:13 -13 -14.4 -11.9 2.5
-12.2 3.51 -12.1 3.37 -12.2 19:08:58 -14 -15.4 -13 2.4
-11.7 3.46 -11.6 3.31 -11.6 19:14:58 -15 -16.3 -14 2.3
-11.1 3.39 -10.9 3.24 -10.9 19:21:04 -16 -17.3 -15.1 2.2
-10.6 3.34 -10.4 3.18 -10.4 19:34:04 -15 -15.5 -14.8 0.7
-10.0 3.29 99 3.13 99 19:36:01 -14 -14.4 -14 0.4
s aa o ae o oes | BB w2 oam o
8.9 3.19 8.9 3.02 8.9 19:41:39 -11 -11.1 -11.2 -0.1
-8.3 3.14 -84 2.96 -84 19:43:38 -10 -10.1 -10.2 0.1
7.8 3.09 7.9 2.91 7.9 19:45:38 -9 -9 -9.2 -0.2
-7.2 3.05 -7.4 2.86 -7.4 19:47:38 -8 -8 -8.2 -0.2
-6.7 2.95 6.4 2.76 -6.5 19:49:40 7 -7 7.3 -0.3
6.9 2.98 6.8 2.79 6.8 19:51:41 -6 -5.9 -6.4 -0.5
57 285 54 266 55 19:53:41 5 -4.8 55 0.7
33 ;Z; :g'g ;ié gé 19:59:47 -2 -1.5 2.7 -1.2
: : : : : 20:02:03 -1 -05 1.7 -1.2

2.7 2.56 2.5 2.35 -2.6 20:04:36 0 0.2 -0.5 -0.7
-2.0 2.50 -1.9 2.28 -1.9 20:07:39 0 0.8 0.8 0
11 2.41 -1.0 2.19 1.1 20:11:32 1 1.3 2.3 1
-0.6 2.36 05 2.13 0.5 20:17:38 2 2.3 3.3 1
0.1 2.31 0.1 2.07 0.0 20:19:17 3 4.2 3.4 -0.8
0.8 2.24 0.8 2.00 0.7 Table F2 — Cycle Time vs. Temperature
1.4 2.17 15 1.93 1.3

1.9 2.13 1.9 1.91 15 Data (One Cycle)

2.7 2.05 2.8 1.80 2.6

3.3 2.00 3.2 1.75 3.1

4.0 1.93 3.9 1.67 3.8

438 1.85 4.7 1.58 4.6

5.4 1.80 5.3 1.52 5.2

6.0 1.74 5.8 1.46 5.7

6.6 1.68 6.5 1.41 6.3

7.0 1.65 6.8 1.35 6.8

Table F1 — Probe Calibration Data
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Calculated Temperature (°C)

-25.0

Probe Calibration Temperatures

A CALC. TEMP. PROBE#1
& CALC. TEMP. PROBE#1

-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0

Measured Temperature (°C)

Figure F1 — Probe Calibration Curves

Temperature (°C)

Freeze/Thaw Cycle Temperatures

—&— Average Temp
—#— Probe One Temp
Probe Two Temp
—>¢— Difference Between Probes

12:00:00 14:24:00 16:48:00 19:12:00 21:36:00 0:00:00

Time (hrs)

Figure F2 — Freeze/Thaw Machine Temperature Cycling
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APPENDIX G
Contents of Supplied CD-ROM Disc

WINSTART.EXE — Program to create bootable diskette (Windows 98 Startup Disk) for setup of a
new system. The disk contains FDISK.EXE to partition the hard drive and creates a RAM disk to
that contains the FORMAT.EXE program. It also loads standard DOS CD-ROM drivers.
WINSTART98.EXE requires Windows on a machine where the 3.5” floppy drive is designated as
“A”. There are aso instructions on how to partition and format a hard drive, as Acrobat PDF,
Word DOC and text files (HD_Setup.txt). Note that any machine used to run the freeze/thaw
machine should be dedicated to the task.

DC — This folder contains a menu structure program called Disk Commander to facilitate
navigation through the tree structure of DOS. The entire folder can simply be copied to the hard
drive.

Dickson — The software to download data from the dataloggers and a schematic to make a new
interface cable if needed. ThisisaWindows program.

FTFILES — This folder contains the QuickBasic software and the program to operate the
freezelthaw machine. Copy the folder to the hard drive. Then type “FT” (for the batch file) at the
command prompt within the folder and the program will load. QuickBasic runs in the DOS
environment.

PCL711 — This folder contains the drivers and test files for the PCL-711b 1/O card that allows the
computer to interface with the freeze/thaw machine. It also contains the manual for the card and
the PCLD-786 SSR Relay Board as PDF files, as well as a test program for the PCL711b. The
Windows drivers are also included, but are not supported by the operational program. Note the
files needed to run the program are aready in the FTFILES folder and are caled by the FT.BAT
batch file.

Acrobat505.EXE — Thisfile installs Adobe Acrobat 5.05 in Windows to allow access to the PDF
files.

Manual and Related Files - This folder contains the manual as both Acrobat PDF and Word DOC
files (if editing isrequired). The file for the schematics are provided in CorelDraw 10 CDR format
(the program used to create it) and as WMF files.

Note : The CD-ROM is bootable for systems that support starting from the CD. It also contains
FDISK.EXE, FORMAT.COM and SCANDISK.EXE (for checking the condition of the hard drive,
if needed).
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APPENDIX H
Original Operations Manual

Logan Freeze- Thaw M. Co.

CONCRETE TESTING EQUIPMENT
St. George, Utah 84770

The principle of operation of the freeze-thaw machine is to place the
concrete specimen in a stainless container with the minimum amount of
water (1/8 inch) on all sides and to place the container on a freezing
plate that has a felt pad saturated with water for better conductiwvity
between the stainless steel container and the freezing plate. These
stainless steel containers are placed side be side with heaters
inserted between the containers and stainless steel clips holding the
heaters between the stainless steal containers The two metal strips are
positioned between the heaters and the freezer plate to support the
heaters and hold them from resting directly on the freezer plate. The
1/8 inch brass rods are to keep the specimen off the bottom of the
container. The amount of water on top should not exceed 1/4 inch.
Each container should have approximately the same amount of water.
Keep it minimum.

The cycle starts by lowering the temperature of the freezing plate
until zero degree Fahrenheit is reached. A slightly longer centainer
is used to carry a pilot specimen which has the control bulb of the
cycle control and the control bulb of the recording thermometer
ingerted from opposite ends and sealed. Some materials such as hard
rubber or plastic may be used on the ends in the pilot specimen to
eliminate water from the ends of the container so that freezing
temperatures will not cause the ends to bulge out and cause the
container to leak. When zero degrees Fahrenheit is reached the heating

cycle starts by the heating relay closing the contact that furnishes

Note: Some components as listed here have been replaced with the computer interface components.
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gelectricity to the strip heaters and turning off the refrigeration
compressor. 115 volts is supplied to the strip heaters although they
are marked 240 volts . This gives a heat ocutput of approximately 125
watts per heater which is sufficient to warm the specimen in the
required time and vet not increase the temperature difference between
specimen and heating medium beyond 50 degree temperature difference.
You will note that two of the heaters have stainless sheaths. These
are to be used on the very end specimens since only one side is used to
absorb the heat and does not require as much heat.

You will note on the cycle control that both cut-in and cut-out points
can be manually adjusted to suit your particulsr need and can be

ad justed to any number of temperatures that you may reguire.

The fan switch controls a fan that circulates the air under the plate
and over the top of the specimens to help maintain a more even
temperature in the cabinet and may be turned off with cut affecting he
actual test, but it deoes shorten the cyvele a few minutes,

The heat limit thermostat is merely a safety device to shut off the
heat in the cabinet should some malfunction occur to cause the heaters
to stay on. It is normally set at 85 degree Fahrenheit which is more
than ample to get the temperature of the specimens to 40 degrees
Fahrenheit. However, it is easily adjusted te suit your needs.

Te start the machine in operation, load the containers with the desired
numbers of specimens and cover with water and turn heater switch,
refrigeration switch, fan switch and master switch to "ON" position.
When you desire to take a specimen out, turn the refrigeration switch
to the "OFF" position during the thaw cycle so that it will not come

back on and freeze up again. The heater switch may be turned off if
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vau desire a very slow thaw cycle.
The whole machine has been designed to be as flexible as possible to
meet your individual requirements and still meet the requirements af

the industry.

MAINTEMANCE

The maintenance of the machine requires that the condenser (radiator)
of the refrigeration unit be kept clean and the chart on the recording
thermometer be changed regularly. The water on top of the specimens in
the containers should be checked to see that they are covered up to 174
inch. &ny excess water will drain out the bottom of the cabinet
through a drain provided in the corner.

The refrigeration unit is a standard Copeland unit, 3/4 hp., 115 volt,
with Freon 502 refrigerant. A crankcase regulator Is installed in the
suction line and set at 20 pounds maximum back pressure to Keep the
compressor from overloading on the initial pull-down. All parts can be
ordered directly from us be description.

Should slow or no freezing be encountered, look into the liguid sight
glass on the small refrigerant lines. If a stream of bubbles appears.
have a gualified refrigeration man check for refrigerant leaks and
recharge with Freon 502.

The motor compressor is covered by a Copeland factory five vear
warranty.

Be sure that the felt pad under the containers is fully wet with water

before starting a test.

Note: Therefrigeration system now uses R408A instead of R502, as R502 is no longer available.
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Figure H1 — Origina Control System Schematic (unmodified)
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Figure H2 — Sample Chart Paper Recording of Cycle Temperatures (not used)
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ﬁ Concrele Specimen

ecording Thermometer Bulb

Freezing and thawing control specimen

Figure H3 — Original Temperature Control Specimen (not used)

Wax Seal
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Specimen Placement Randomization Chart

SPECIMEN ORIENTATION

1
Numbering off Specimen Compartments T 2
112(3|a|5/6|7|8|9|10|11|12|13]14|15|16|17 18| _FAN] 3
ARROW AS MARKED ON
SPECIMENS
Specimen #
Cyrc):le Replaced A DATE e F%iﬁe
w/Dummy

4 15| 14 5 12 2 16 9 6 17 | 13 | 11 3 10 | 18 7 1 8 - - 1
4 15| 16 7 10 9 13 | 17 | 14 8 12 1 11 3 5 18 6 2 - - 3
4 15| 13 9 18 2 6 1 3 17 8 5 7 11 | 12 | 10 | 16 | 14 - - 1
4 115 6 13 | 16 2 18 | 12 1 14 | 11 7 3 5 9 10 8 17 - - 3

151 5 3 10 | 17 | 11 9 6 13 2 14 | 12 | 18 1 16 7 8 - - 1
4 |15| 12 2 8 1 10 3 7 9 5 14 | 18 | 11 | 13 | 17 | 16 6 - - 3
4 (15| 11 | 17 | 12 | 14 | 13 | 18 8 3 16 2 10 9 6 7 5 1 - - 1
4 15| 16 | 17 | 14 | 18 | 11 | 12 1 13 3 10 7 8 9 2 6 5 - - 3
4 15| 17 | 12 | 10 | 13 9 6 3 11 5 7 14 | 16 | 18 2 8 1 - - 1
4 115 5 1 7 16 9 11 8 3 10 | 14 2 17 | 12 | 13 6 18 - - 3
4 15| 18 2 14 1 13 9 3 7 17 | 12 6 8 11 5 16 | 10 - - 1
4 15| 11 3 12 5 17 | 13 | 16 1 9 8 14 | 18 | 10 7 6 2 - - 3
4 15| 14 | 10 1 12 | 16 8 18 | 13 2 3 17 | 11 7 9 5 6 - - 1
4 115 9 16 3 10 | 14 7 12 6 18 | 13 2 11 1 17 8 5 - - 3
4 15| 10 | 18 | 11 | 12 1 6 7 8 9 5 3 14 | 13 | 16 | 17 2 - - 1







